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TUBERCULOSIS BY ARTIFICIAL PNEUMOTHORAX.
INTRODUCTION.
The a im  o f  t h i s  t h e s i s  i s  t o  c o n s i d e r  t h e  mod­
e r n  A r t i f i c i a l  P n e u m o th o ra x  T r e a tm e n t  o f  P u lm o n a ry  
T u b e r c u l o s i s  w i t h  s p e c i a l  r e f e r e n c e  t o  a  s e r i e s  o f  
one h u n d re d  c a s e s  and t o  a n a l y s e  t h e s e  c a s e s  w i t h  
a  v ie w  t o  t h e  a s s e s s m e n t  of  t h e  e f f e c t s  o f  t h i s  
s p e c i a l  t r e a t m e n t ,  and t o  com p are  t h e s e  e f f e c t s  w i t h  
t h o s e  o b s e r v e d  by  o t h e r  p h y s i c i a n s  and a l s o  w i t h  
t h o s e  o b t a i n e d  b y  p u r e l y  e x p e c t a n t  t r e a t m e n t  a l o n e .
I n  s p i t e  o f  a l l  known fo rm s  o f  t r e a t m e n t ,  t h e  
v a s t  m a j o r i t y  o f  p a t i e n t s  s u f f e r i n g  f ro m  p u lm o n a ry  
t u b e r c u l o s i s  a r e  n e c e s s a r i l y  h a n d ic a p p e d  f o r  t h e  
r e m a in d e r  o f  t h e i r  l i v e s  and  th e  g r e a t  p r o b a b i l i t y  
i s  t h a t  t h e  d i s e a s e  w i l l  s h o r t e n  and e v e n t u a l l y  
t e r m i n a t e  t h e i r  e x i s t e n c e .  The c h i e f  method o f  
t r e a t m e n t  i s  u n d o u b te d ly  t h e  a p p l i c a t i o n  o f  g e n e r a l  
r u l e s  o f  h y g i e n e ,  w h ic h  com bined  w i t h  c o n t i n u o u s  
m e d ic a l  s u p e r v i s i o n  o f  t h e  a c t i v i t i e s  o f  t h e  i n d i v ­
i d u a l  p a t i e n t ,  fo rm  t h e  b a s i s  o f  s a n a t o r i u m  t r e a t ­
m ent .
The r e s u l t s  o f  t h i s  m ethod  o f  t r e a t m e n t  a l o n e  
a r e  d i s a p p o i n t i n g ;  a  few  p a t i e n t s  a r e  d i s c h a r g e d  a s  
q u i e s c e n t  and  may e v e n t u a l l y  be c l a s s e d  a s  a r r e s t e d ,  
t h e  m a j o r i t y  a r e  im p ro v ed  and r e t u r n  t o  t h e i r  homes 
e i t h e r  t o  sp e n d  t h e  r e m a in d e r  o f  t h e i r  l i v e s  a s  s e m i­
i n v a l i d s  o r  t o  d e t e r i o r a t e  g r a d u a l l y  t o  t h e i r  f o r m e r  
c o n d i t i o n  o r  w o r s e .  The r e m a in d e r  f a i l  t o  r e s p o n d  
t o  t h e  t r e a t m e n t  and  e i t h e r  d i e  i n  t h e  i n s t i t u t i o n  o r  
a r e  d i s c h a r g e d  a s  u n im p ro v e d  o r  w o r s e .
A r t i f i c i a l  p n e u m o th o ra x  i n  c a r e f u l l y  s e l e c t e d  
c a s e s  i s  a  v e r y  r e a l  a d j u v a n t  t o  o r d i n a r y  s a n a t o r i u m  
t r e a t m e n t  i n  t h a t  t h e  d i s e a s e  i s  a t t a c k e d  l o c a l l y  and 
h a s  t h e  e f f e c t  o f  h a s t e n i n g  and f o r t i f y i n g  im p ro v e ­
m e n ts  p ro d u c e d  by  t r e a t m e n t  on g e n e r a l  h y g i e n i c  p r i n ­
c i p l e s .  F u r t h e r ,  a r t i f i c i a l  p n e u m o th o ra x  may be e x ­
p e c t e d  t o  p r o d u c s  im p ro v em en t i n  many c a s e s  w here  
s a n a t o r i u m  t r e a t m e n t  a l o n e  w ould  f a i l .
The p r i n c i p l e  o f  a r t i f i c i a l  p n e u m o th o ra x  i s  
e s s e n t i a l l y  t h a t  o f  c o l l a p s i n g  and  m a i n t a i n i n g  t h e  
c o l l a p s e  o f  t h e  w h o le  o r  p a r t  o f  a  d i s e a s e d  l u n g  by  
means o f  t h e  i n s e r t i o n  o f  a  g a s  b e tw e e n  t h e  p a r i e t a l  
and v i s c e r a l  p l e u r a  o f  t h a t  l u n g .  T h i s  c o l l a p s e  i s  
d e s ig n e d  t o  a s s i s t  t h e  h e a l i n g  o f  t h e  p u lm o n a ry
l e s i o n s  b y  l i m i t i n g  o r  a b o l i s h i n g  t h e  r e s p i r a t o r y  
movement o f  t h e  a f f e c t e d  l u n g ,  b y  r e d u c i n g  t h e  l o c a l  
c i r c u l a t i o n  o f  b lo o d  and  lym ph and b y  a p p r o x i m a t i n g  
o pen  l e s i o n s  t o  e a c h  o t h e r  and t o  s u r r o u n d i n g  s t r u c ­
t u r e s  .
T h i s  s p e c i a l  t r e a t m e n t  dem ands t h e  e x e r c i s e  o f  
p a t i e n c e  and t h e  e x h i b i t i o n  o f  f a i t h  on t h e  p a r t  o f  
t h e  p a t i e n t  and i n v o l v e s  t h e  e x p e n d i t u r e  by  t h e  p h y s ­
i c i a n  o f  much t im e  and c a r e .  The p r im a r y  c a u s e  o f  
t h i s  i n v e s t i g a t i o n  was a  d e s i r e  t o  d i s c o v e r  t h e  a v e r ­
a g e  r e t u r n  on t h e  o u t l a y  o f  human e n d e a v o u r  on t h i s  
fo rm  o f  t r e a t m e n t  i n  M id d le s e x .
T h is  t h e s i s  i s  b a s e d  on t h e  c a s e s  o f  t h e  f i r s t  
h u n d re d  p a t i e n t s  who r e c e i v e d  t h i s  f o rm  o f  t r e a t ­
m ent a t  t h e  C o u n ty  S a n a t o r iu m ,  H a r e f i e l d ,  M id d le s e x .  
The m a j o r i t y  o f  t h e s e  c a s e s  w ere  o b s e rv e d  an d  t r e a t e d  
by  ms b e tw e e n  J u n e  1985 and J a n u a r y  1 9 2 8 .  The a f t e r ­
h i s t o r i e s  o f  p a t i e n t s  w ere  i n v e s t i g a t e d  by  me i n  
S e p te m b e r ,  192B and i n  D e c e m b e r ,1929 a t  t h e  S a n a to r iu m  
and  a t  t h e  T u b e r c u l o s i s  D i s p e n s a r i e s  i n  t h e  v a r i o u s  
d i s t r i c t s  o f  t h e  C o u n ty .
I  am i n d e b t e d  t o  D r .  J .  T a t e ,  C o u n ty  M e d ic a l  
O f f i c e r  o f  M id d le s e x  and t o  D r .  J .  R. M e .G re g o r ,
M e d ic a l  S u p e r i n t e n d e n t  a t  H a r e f i e l d  f o r  a l l o w i n g  
me f a c i l i t i e s  f o r  c o l l e c t i n g  i n f o r m a t i o n .
HISTORICAL.
T r e a tm e n t  b y  p u lm o n a ry  c o m p r e s s i o n  was f i r s t  
. a d v o c a te d  b y  C a r s o n  o f  L i v e r p o o l  i n  1822  ( 1 ) .  H is  
m a in  th em e  was t h a t  i f  t h e  d i s e a s e d  p a r t s  o f  a l u n g  
w ere  k e p t  i n  a n  u n d i s t u r b e d  s t a t e  b y  m eans o f  p u l ­
m onary  c o l l a p s e  and t h e  s i d e s  o f  a  l u n g  "a b sc e ss '*  
p l a c e d  i n  " s a l u t a r y  c o n t a c t " ,  f a v o u r a b l e  c i r c u m s t a n ­
c e s  f o r  h e a l i n g  w ould  be  a c h i e v e d .  C a r s o n  r e a l i s e d  
a l s o  t h e  p o t e n t i a l  v a l u e  o f  c o m p r e s s io n  o f  t h e  l u n g  
i n  t h e  t r e a t m e n t  o f  h a e m o r rh a g e  f o r  he d ed u c e d  t h a t  
"a  haemoT* h a g e  ( s i c )  f ro m  one o f  t h e  l u n g s . . . . . . . . .
i f  n o t  im m e d ia t e ly  f a t a l ,  w ould be a s  c e r t a i n l y  
s to p p e d  b y  t h e  c o l l a p s e  o f  t h a t  l u n g ,  a s  t h e  f l o o d ­
i n g  c o n s e q u e n t  upon  p a r t u r i t i o n ,  by  t h e  c o n t r a c t i o n  
o r  r a t h e r  t h e  r e s i l i e n c e  o f  t h e  womb*. C a r s o n ,  how­
e v e r ,  d o e s  n o t  a p p e a r  t o  h av e  p u t  i n t o  p r a c t i c e  h i s  
r e c o m m e n d a t io n  t h a t  o p e r a t i v e  means s h o u ld  f i n d  a  
p l a c e  i n  p u lm o n a ry  t u b e r c u l o s i s  t r e a t m e n t .
The t e c h n i q u e  o f  m odern  a r t i f i c i a l  p n e u m o th o ra x  
t r e a t m e n t  was f i r s t  e l a b o r a t e d  and p u b l i s h e d  b y  
F o r l a n i n i  ( 2 )  h i s  f i r s t  p u b l i c a t i o n  on t h e  p o s s i b i l ­
i t i e s  o f  t h e  t r e a t m e n t  a p p e a r i n g  i n  1 8 8 2 .
P r i o r  t o  F o r l a n i n i ' s  p u b l i c a t i o n s ,  v a r i o u s
o b s e r v e r s  had  n o t e d  t h a t  m arked  im p ro v em en t r e s u l t e d  
f ro m  s p o n ta n e o u s  p n e u m o th o ra x  i n  p a t i e n t s  s u f f e r i n g  
f ro m  p u lm o n a ry  t u b e r c u l o s i s ,  and i n  1 8 8 5 ,  C a y le y  o f  
t h e  M id d le s e x  H o s p i t a l ,  L ondon , had  r e p o r t e d  t h e  
t r e a t m e n t  o f  a  c a s e  o f  s e v e r e  h a e m o p ty s i s  by  p l e u r a l  
i n c i s i o n  ( 3 ) .  A bout t h i s  t i m e ,  i n t e r e s t  i n  p r o d u c in g  
p u lm o n a ry  c o l l a p s e  b y  m e c h a n ic a l  means had b e e n  a — 
r o u s e d  i n  s e v e r a l  c o u n t r i e s ,  and i n  1885  b e f o r e  t h e  
v a l u e  o f  a r t i f i c i a l  p n e u m o th o ra x  had  b e e n  p r o v e d ,d e  
C e r e n v i l i e  o f  L a u s a n n e  had  p e r fo rm e d  h i s  f i r s t  t h o r a ­
c o p l a s t y  ( 4 ) .
The t r e a t m e n t  s o  f a r  had  b e e n  c o n f i n e d  t o  E urope  
and  m ore e s p e c i a l l y  t o  I t a l y ,  b u t  i n  1 8 9 8 ,  Murphy 
o f  C h ic a g o  ( 5 )  p u b l i s h e d  d e t a i l s  o f  f i v e  c a s e s  and 
s t r o n g l y  a d v o c a te d  t h e  a d o p t i o n  o f  t h e  p r i n c i p l e  o f  
s u r g i c a l  i n t e r f e r e n c e  i n  p u lm o n a ry  t u b e r c u l o s i s *  
N um erous o t h e r  w o r k e r s  i n  many c o u n t r i e s  f o l l o w e d  
t h e  p a t h  t r o d d e n  b y  t h e s e  p i o n e e r s ,  and t h e  f i r s t  
a r t i f i c i a l  p n e u m o th o ra x  o p e r a t i o n  i n  E n g la n d  was 
p e r fo rm e d  i n  1910  b y  L i l l i n g s t o n  ( 6 )  who had  him­
s e l f  d e r i v e d  c o n s i d e r a b l e  b e n e f i t  f ro m  t r e a t m e n t  by  
t h i s  m ethod  i n  a  N o rw eg ian  s a n a t o r i u m .
S in c e  t h e n  t h e  s t u d y  and r e s e a r c h  o f  many
—S —
w o r k e r s  h a s  im p ro v e d  t h e  t e c h n i q u e  and p o p u l a r i s e d  
t h e  t r e a t m e n t  and s i n c e  t h e  w ar a r t i f i c i a l  pneumo­
t h o r a x  h a s  b e e n  a c c e p t e d  a s  one o f  t h e  a p p ro v e d  
m e th o d s  o f  t r e a t m e n t .  I n  f a c t ,  i n  1 9 2 1 , a t  t h e  
R o y a l  S o c i e t y  o f  M e d ic in e ,  S i r  Ja m e s  K i n g s to n  F o w le r  
s a i d  t h a t  " t h e  i n d u c t i o n  o f  a r t i f i c i a l  p n e u m o th o ra x  
i s  t h e  o n l y  a d v a n c e  i n  t h e  t r e a t m e n t  o f  p u lm o n a ry  
t u b e r c u l o s i s  s i n c e  t h e  i n t r o d u c t i o n  o f  s a n a t o r i u m  
t r e a t m e n t  a s  c a r r i e d  o u t  a t  N o r d r a c h " .  T o -d a y ,  t h a t  
s t a t e m e n t  r e q u i r e s  c o n s i d e r a b l e  m o d i f i c a t i o n  i n  v iew  
o f  t h e  s u c c e s s  o f  t h o r a c o p l a s t y  and o f  S a n o c r y s i n  
t r e a t m e n t ,  b u t  t h e r e  i s  no  d o u b t  t h a t  a r t i f i c i a l  
p n e u m o th o ra x  i s  a m ethod o f  t r e a t m e n t  w h ic h  u n l i k e  
many a l l e g e d  r e m e d ie s  now d i s c r e d i t e d ,  h a s  s to o d  t h e  
t e s t  o f  t im e *
—9 —
ANATOMICAL AND PHYSIOLOGICAL CONSIDERATIONS.
The f ra m e w o rk  o f  t h e  t h o r a x  c o n s i s t s  o f  t h e  d o r ­
s a l  s e c t i o n  o f  t h e  v e r t e b r a l  c o lu m n ,  t h e  r i b s  and 
t h e  s t e r n u m .  The a n t e r i o r  e x t r e m i t i e s  o f  t h e  r i b s  
a r e  a t t a c h e d  t o  t h e  s t e r n u m  by  means o f  t h e  c o s t a l  
c a r t i l a g e s  and t h e s e  l a t t e r  c o n t r i b u t e  v e r y  m a te r ­
i a l l y  t o  t h e  e l a s t i c i t y  o f  t h e  t h o r a x .  The r i b s  by 
v i r t u e  o f  t h e i r  s t r e n g t h  and r e l a t i v e  n a r ro w n e s s  a l s o  
e x h i b i t  c o n s i d e r a b l e  e l a s t i c i t y .  The b r e a d t h  o f  t h e  
i n t e r c o s t a l  s p a c e s  i s  g r e a t e r  i n  f r o n t  t h a n  b e h in d  
and  b e tw e e n  t h e  u p p e r  t h a n  t h e  lo w e r  r i b s .  T h is  i s  
o f  im p o r ta n c e  when t h e  s i t e  o f  e l e c t i o n  f o r  pneumo­
t h o r a x  p u n c t u r e  i s  u n d e r  c o n s i d e r a t i o n .
The r i b s  fo rm  a  s e r i e s  o f  l e v e r s ,  t h e  f u l c r a  o f  
w h ic h  a r e  i n  t h e  n e ig h b o u r h o o d  o f  t h e  c o s t o —t r a n s ­
v e r s e  a r t i c u l a t i o n s .  The pow er i s  s u p p l i e d  b y  t h e  
m u s c le s  o f  i n s p i r a t i o n ,  c h i e f l y  t h e  S e r r a t u s  p o s t ­
e r i o r  s u p e r i o r  s o  f a r  a s  t h e  r i b s  a r e  c o n c e rn e d  i n  
o r d i n a r y  q u i e t  r e s p i r a t i o n .  The n e c k s  o f  th e  r i b s  
fo rm  t h e  s h o r t  s e c t i o n s  o f  th e  l e v e r s  s o  t h a t  when 
t h e y  move dow nw ards a  c o r r e s p o n d i n g  upward movement 
o c c u r s  a t  t h e  a n t e r i o r  e x t r e m i t i e s ,  and  b e c a u s e  o f  
t h e  a n t e r o —p o s t e r i o r  s lo p e  o f  th e  r i b s ,  t h e  upward
movement o f  t h e  a n t e r i o r  e x t r e m i t i e s ,  w i t h  t h e  
s t e r n u m  a t t a c h e d ,  i s  a c c o m p a n ie d  by  a  f o r w a r d  move­
m ent t h u s  e n l a r g i n g  t h e  t h o r a c i c  c a v i t y  a n t e r o ­
p o s t e r i o r  l y *  The c u r v a t u r e  o f  t h e  r i b s  i n c r e a s e s  
f ro m  ab o v e  dow nw ards and when t h e  r i b s  a r e  r a i s e d  
i n  i n s p i r a t i o n  t h e  t r a n s v e r s e  d i a m e t e r  o f  t h e  c h e s t  
i s  c o n s e q u e n t l y  i n c r e a s e d  i n  t h e  p l a n e  t o  w h ich  each 
p a i r  o f  r i b s  i s  r a i s e d .  A r i s e  o f  t h e  body  o f  e a c h  
r i b  a l s o  o c c u r s  r e l a t i v e  t o  i t s  e x t r e m i t i e s  and a s  
t h e  b o d y  l i e s  i n  a  p l a n e  lo w e r  t h a n  t h a t  o f  th e  
e x t r e m i t i e s  t h i s  r i s e  m ust a l s o  add t o  t h e  i n c r e a s e  
i n  t h e  t r a n s v e r s e  d i a m e t e r  on i n s p i r a t i o n .  T hus, 
by means o f  t h e  r i b  m echan ism , t h e  t h o r a x  i n c r e a s e s  
i n  s i z e  b o t h  l a t e r a l l y  and  a n t e r o - p o s t e r i o r l y  and 
t h e  d e p t h  i s  i n c r e a s e d  b y  t h e  c o n t r a c t i o n  and  co n ­
s e q u e n t  d e s c e n t  o f  t h e  d ia p h ra g m .
The l u n g s  fo rm  a n  e n c l o s e d  c a v i t y  w i t h o u t  an y  
n a t u r a l  o u t l e t  e x c e p t  t h e  t r a c h e a .  The i n t e r i o r  
o f  t h e  t h o r a x  may be  r e g a r d e d  a s  c o n s i s t i n g  o f  a  
c e n t r a l  m e d i a s t i n a l  c a v i t y  and two l a t e r a l  p l e u r a l  
c a v i t i e s .  The m e d i a s t i n a l  c a v i t y  c o n t a i n s  a l l  t h e  
t h o r a c i c  v i s c e r a  i n c l u d i n g  t h e  t r a c h e a  and b r o n c h i ,  
and  e a c h  l a t e r a l  c a v i t y  c o n t a i n s  a  p l e u r a l  s a c
i n v a g i n a t e d  b y  a  l u n g .  I n  h e a l t h ,  t h e  p l e u r a l  s a c  
c o n t a i n s  s u f f i c i e n t  s e r o u s  f l u i d  t o  l u b r i c a t e  t h e  
p l e u r a l  s u r f a c e s  d u r in g  t h e  r e s p i r a t o r y  m ovem ents 
and t h e  p l e u r a l  s p a c e  i s  a  p o t e n t i a l  one o n l y .  The 
p a r i e t a l  w a l l  o f  t h e  p l e u r a l  s a c  fo rm s  t h e  i n n e r  l i n ­
i n g  o f  t h e  c h e s t  w a l l ;  t h e  v i s c e r a l  l a y  e r  o f  t h e  
p l e u r a  fo rm s  t h e  o u t e r  l i n i n g  o f  t h e  l u n g .  I n  b o th  
c a s e s  t h e  p l e u r a l  membrane i s  f i r m l y  a d h e r e n t  t o  t h e  
u n d e r l y i n g  s t r u c t u r e s .
The t r a c h e a  b i f u r c a t e s  t o  fo rm  t h e  b r o n c h i  and 
t h e s e  d i v i d e  and  s u b - d i v i d e  u n t i l  t h e  a i r  t u b e s  have 
m u l t i p l i e d  v a s t l y  i n  num ber and d im in i s h e d  c o r r e s p o n ­
d i n g l y  i n  s i z e .  E ach  o f  t h e s e  s m a l l  b r o n c h i a l  t u b e s  
s u p p l i e s  a  p u lm o n a ry  l o b u l e  w h ich  c o n s i s t i n g  a s  i t  
d o e s  o f  a i r - c e l l s ,  b l o o d - v e s s e l s ,  l y m p h a t i c s ,  n e r v e s  
and  a r e o l a r  t i s s u e s  fo rm s  a  m i n i a t u r e  l u n g .  The 
a r e j l d a r  t i s s u e  i s  c h i e f l y  com posed o f  e l a s t i c  t i s s u e  
and  i t  i s  on t h e  e l a s t i c i t y  o f  t h i s  t i s s u e  and on 
t h a t  o f  t h e  t h o r a c i c  w a l l  a l r e a d y  d i s c u s s e d  t h a t  
e x p i r a t i o n  d e p e n d s .  I n s p i r a t i o n  i s  t h e  o n ly  a c t i v e  
p a r t  o f  o r d i n a r y  q u i e t  r e s p i r a t i o n ;  e x p i r a t i o n  i s  a  
p a s s i v e  e l a s t i c  r e c o i l .
At t h e  end  o f  e x p i r a t i o n ,  t h e  lu n g  i s  a t  r e s t .
IThe a i r  o f  t h e  l u n g ,  s u p p le m e n t a l  and r e s i d u a l ,  b e i n g  
i n  c o m m u n ic a t io n  w i t h  t h e  o u t e r  a i r  i s  a t  t h e  p r e ­
v a i l i n g  a t m o s p h e r i c  p r e s s u r e  and t h e  l u n g  t i s s u e  i s  
t h e r e f o r e  p r e s s e d  f ro m  w i t h i n  a g a i n s t  t h e  t h o r a c i c  
w a l l ,  t h e  l u n g  b e i n g  b a l l o o n e d  o u t  t o  f i l l  t h e  a v a i l ­
a b l e  s p a c e ,  and  t h e  e l a s t i c  t i s s u e  o f  t h e  l u n g  s u b ­
j e c t e d  t o  some d e g r e e  o f  s t r e t c h .  The o u t e r  a i r  
p r e s s e s  on t h e  t h o r a c i c  w a l l  and s o  t e n d s  t o  d r i v e  i t  
i n ,  b u t  t h i s  t e n d e n c y  i s  overcom e b y  t h e  r i g i d i t y  o f  
t h e  c h e s t  w a l l  s u p p o r t e d  by  t h e  a tm o s p h e r i c  p r e s s u r e  
f ro m  w i t h i n .  I n  o t h e r  w ords*  t h e  e x t e r n a l  a tm o s p h e r ­
i c  p r e s s u r e  and  t h e  e l a s t i c i t y  o f  t h e  lu n g  t e n d  t o  
c a u s e  movement in w a rd s  and t h e s e  a r e  r e s i s t e d  by  t h e  
com bined  r i g i d i t y  o f  t h e  c h e s t  w a l l  and t h e  i n t e r n a l  
a tm o s p h e r i c  p r e s s u r e .  T h e re  a r e  t h u s  two e q u a l  s e t s  
o f  f o r c e s  a c t i n g  i n  o p p o s i t e  d i r e c t i o n s  and i n  co n ­
s e q u e n c e  no a c t u a l  movement t a k e s  p l a c e .
On i n s p i r a t i o n ,  h o w ev e r ,  m u sc le  pow er overcom es 
t h e  e x t e r n a l  a tm o s p h e r i c  p r e s s u r e  and t h e  t h o r a c i c  
w a l l  moves o u tw a r d s .  The d ia p h ra g m  d e s c e n d s  and  
p u s h e s  t h e  a b d o m in a l  v i s c e r a  downwards and t h e  ab ­
d o m in a l  w a l l  moves o u tw a rd s ;  i n d i r e c t l y ,  t h e  d ia p h ra g m  
a l s o  h a s  overcom e a tm o s p h e r i c  p r e s s u r e .  The o p p o s in g
s e t s  o f  p r e s s u r e s  no  l o n g e r  b a l a n c e ,  and  t h e  l u n g  
t i s s u e  i s  c a u s e d  t o  move o u tw a rd s  by  t h e  e x c e s s  o f  
i n t e r n a l  p r e s s u r e .  The lu n g  e n l a r g e s  t o  f i l l  t h e  
l a r g e r  s p a c e  and  t h e  e l a s t i c  t i s s u e  o f  t h e  l u n g  
s t r e t c h e s  s t i l l  f u r t h e r  t o  a l l o w  t h e  l u n g  t o  accom ­
m o d a te  m ore a i r .  I n s p i r a t i o n  i s  c o m p le t e ,  t h e  i n t e r ­
c h a n g e  o f  g a s e s  b e tw e e n  t h e  b lo o d  o f  t h e  p u lm o n a ry  
c a p i l l a r i e s  and th e  a i r  h a s  t a k e n  p l a c e  and  e x ­
p i r a t i o n  com m ences.
The d ia p h ra g m  and t h e  o t h e r  i n s p i r a t o r y  m u sc le s  
r e l a x ,  t h e  e l a s t i c  r e c o i l  o f  th e  c h e s t  w a l l  and 
t h e  a b d o m in a l  w a l l  t a k e s  p l a c e  and s o  t h e  t h o r a c i c  
c a p a c i t y  d i m i n i s h e s  once m o re .  The e x c e s s  o f  
f o r c e  w h ich  c a u s e d  i n c r e a s e d  s t r e t c h i n g  o f  t h e  
p u lm o n a ry  e l a s t i c  t i s s u e  i s  gone and th e  l u n g  i n  
t u r n  r e c o i l s ,  t h e  t i d a l  a i r  i s  e x p r e s s e d ,  t h e  
o p p o s in g  f o r c e s  a r e  once more e q u a l  and  e x p i r a t i o n  
i s  c o m p le t e .
I f  a- wound be  made th r o u g h  t h e  c h e s t  w a l l  i n ­
c l u d i n g  t h e  p a r i e t a l  p l e u r a ,  t h e  e x t e r n a l  a tm o s ­
p h e r i c  p r e s s u r e  a c t s  d i r e c t l y  on t h e  v i s c e r a l  
p l e u r a .  The i n t e r n a l  a tm o s p h e r i c  p r e s s u r e  i s  t h u s  
n e u t r a l i s e d  and  f u r t h e r  e l a s t i c  r e c o i l  o f  t h e  l u n g
t a k e s  p l a c e ,  and  a i r  f lo w s  th r o u g h  t h e  wound and 
c o n v e r t s  t h e  p o t e n t i a l  p l e u r a l  s p a c e  i n t o  an  a c t u a l  
o n e .  A p n e u m o th o ra x  i s  fo rm ed  and a  c o l l a p s e  o f  t h e  
l u n g  co m m e n su ra te  w i t h  t h e  am ount o f  a i r  a d m i t t e d  
r e s u l t s .  T h i s  c o l l a p s e  i s  somewhat r e t a r d e d  by  t h e  
f o r c e  o f  c o h e s i o n  r e s u l t i n g  f ro m  t h e  a p p o s i t i o n  o f  
t h e  sm o o th  p l e u r a l  s u r f a c e s  w i t h  o n ly  a t h i n  l a y e r  
o f  s e r o u s  f l u i d  b e tw e e n .  T h is  f o r c e  how ev er  i s  
g r a d u a l l y  ov erco m e, t h e  l a y e r s  o f  p l e u r a  p e e l  a p a r t  
an d  t h e  p u lm o n a ry  c o l l a p s e  e v e n t u a l l y  becom es com­
p l e t e .
The n o rm a l i n t r a p l e u r a l  p r e s s u r e  h a s  b e e n  
d e te r m in e d  by  s e v e r a l  w o r k e r s  by  e x p e r im e n t ,  and 
t h e  r e s u l t s  a r e  o f  im p o r ta n c e  f o r  c o m p a r is o n  w i th  
t h e  i n i t i a l  p r e s s u r e s  r e c o r d e d  a t  t h e  i n d u c t i o n  o f  
a r t i f i c i a l  p n e u m o th o ra x .  H e y n s iu s  ( 7 )  q u o t e s  
D o n d e rs  a s  f i n d i n g  t h a t  a t  t h e  en d  o f  q u i e t  i n s p i r ­
a t i o n  t h e  i n t r a p l e u r a l  p r e s s u r e  was -  1 2 .2  cm. o f  
w a t e r  and  a t  t h e  end  o f  q u i e t  e x p i r a t i o n  -  1 0 .3  cm. 
H a l l i b u r t o n  ( 8 )  s t a t e s  t h a t  t h e  i n t r a t h o r a c i c  p r e s s ­
u r e  v a r i e s  f ro m  — 6 .S  cm*, t o  — 9 . 5  cm* o f  w a te r  a t  
t h e  end  o f  e x p i r a t i o n  t o  -  4 0 . 8  cm. a t  th e  end o f  a  
d e e p  i n s p i r a t i o n .  The a v e ra g e  f i n d i n g s  o f  t h e s e
and  o t h e r  w o rk e r s  a p p e a r  t o  be  f ro m  -  8 cm. o f  w a te r  
a t  t h e  h e i g h t  o f  q u i e t  e x p i r a t i o n  t o  — 13 cm* a t  
t h e  h e i g h t  o f  q u i e t  i n s p i r a t i o n .  N o rm a l ly ,  t h e r e f o r e  
e a c h  p l e u r a l  c a v i t y  h a s  a n e g a t i v e  p r e s s u r e .  T h is  
p r e s s u r e  f a l l s  s t i l l  lo w e r  a t  e a c h  i n s p i r a t i o n ,  owing; 
t o  t h e  e n la r g e m e n t  o f  t h e  t h o r a x  and  t h e  t e n d e n c y  o f  
t h e  l u n g  t o  l a g  b e h in d  a s  i t  makes i t s  i n s p i r a t o r y  
e x c u r s i o n .  I n  o b s t r u c t e d  e x p i r a t i o n  t h e  i n t r a p l e u r a l  
p r e s s u r e  i s  a  m a rk e d ly  p o s i t i v e  o n e .  An a c c i d e n t  
t h a t  may o c c u r  d u r i n g  a n  a r t i f i c i a l  p n e u m o th o ra x  
o p e r a t i o n  s t r i k i n g l y  d e m o n s t r a t e s  t h i s  f a c t .  I f  a  
p a t i e n t  c o u g h s  w h i l e  a  w a te r  m anom eter i s  i n  co n ­
n e c t i o n  w i t h  a  p l e u r a l  c a v i t y ,  b y  means o f  a  r u b b e r  
t u b e  and c a n n u l a ,  t h e  i n t r a p l e u r a l  p r e s s u r e  i s  made 
s o  m a rk e d ly  p o s i t i v e  t h a t ,  u n l e s s  s u i t a b l e  p r e c a u ­
t i o n s  h av e  b e e n  t a k e n  t h e  w a te r  w i l l ,  i n  a l l  p ro b ­
a b i l i t y ,  be  b low n c o m p l e t e l y  o u t  o f  t h e  m anom eter .
The q u e s t i o n  o f  t h e  r e l a t i o n s h i p  o f  t h e  p l e u r a l  
c a v i t i e s  h a s  b e e n  i n v e s t i g a t e d  b y  Graham and B e l l  
( 9 ) *  T hese  w o rk e r s  m easu red  t h e  i n t r a p l e u r a l  
p r e s s u r e s  i n  a  f r e s h  human c a d a v e r  and h a v in g  r a i s e d  
t h e  p r e s s u r e  on one s i d e  by  i n s e r t i n g  a i r ,  fo u n d  
t h a t  on t h e  o p p o s i t e  s i d e  an  a lm o s t  e q u a l  r i s e  o f
| p r e s s u r e  had o c c u r r e d . P a r a l l e l  r e s u l t s  w ere  o b -
| t a i n e d  w i t h  a  f r e s h l y  k i l l e d  d o g ,  t h u s  e s t a b l i s h i n g
S
[ t h e  s i m i l a r i t y  o f  c o n d i t i o n s  i n  t h e  dog and i n  man.
| W ith  t h e  l i v i n g  d o g ,  t h e  same e x p e r i m e n t s  w ere  p e r -
j
! fo rm e d  w i t h  t h e  same r e s u l t s .  They t h u s  c o n c lu d e d  
I t h a t  f ro m  t h e  s t a n d p o i n t  o f  p r e s s u r e  r e l a t i o n s h i p ,  
j t h e  n o rm a l  t h o r a x  may be r e g a r d e d  a s  one c a v i t y  
j i n s t e a d  o f  two and t h a t  no m a t t e r  w hat c h a n g e  of 
| p r e s s u r e  i s  made i n  one p l e u r a l  c a v i t y ,  an  a lm o s t  
| e q u a l  ch an g e  r e s u l t s  i n  t h e  o t h e r .  They e s t i m a t e  
| t h e  r e s i s t a n c e  o f  t h e  m e d ia s t in u m  t o  b e  e q u i v a l e n t
1 t o  t h e  p r e s s u r e  o f  1 cm. o f  w a te r  e x c e p t  when t h e
|
| m e d ia s t in u m  h as  b e e n  made r i g i d  by  i n d u r a t i o n  fo llow -*
| i n g  c h r o n i c  i n f l a m m a t io n .  T h is  a t t i t u d e  i s  s u p p o r t e d  
I !
I b y  A m berson and P e t e r s  (1 0 )  who s t a t e  t h a t  "on  t h e
f u n c t i o n i n g  s i d e ,  t h e  i n t r a p l e u r a l  p r e s s u r e  i s  a c -
j
t u a l l y  r a i s e d  and t h e  e x p a n s i b i l i t y  o f  t h e  l u n g  i s  
p r o p o r t i o n a t e l y  d e c r e a s e d " .  I t  m ust be a d d e d ,  how-
;
e v e r ,  t h a t  Am berson and P e t e r s  do n o t  adduce  an y  ex— j 
p e r i m e n t a l  e v id e n c e  t o  s u p p o r t  t h e i r  o p i n i o n .
T hese  A m erican  v ie w s  a r e  n o t  e n d o r s e d  b y  B r i t i s h  
a u t h o r i t i e s .  B u r r e l l  and  M acN alty  (1 1 )  c o n c lu d e  
"‘t h a t  i n  c o m p r e s s in g  one l u n g  by  a r t i f i c i a l  pneum o-
t h o r a x  one d o e s  n o t  i n t e r f e r e  w i t h  t h e  p r e s s u r e  i n  
t h e  o p p o s i t e  p l e u r a l  c a v i t y ,  e v e n  i f  t h e  m e d ia s t in u m  
i s  d i s p l a c e d " .  The b a s i s  on w h ich  t h i s  o p i n i o n  i s  
f o u n d e d ,  h o w e v e r ,  i s  som ew hat d o u b t f u l  i n  t h a t  b i ­
l a t e r a l  p r e s s u r e s  w ere  t a k e n  i n  two c a s e s  o n ly ,  one 
o f  w h ic h  was a  c a s e  o f  p l e u r a l  e f f u s i o n .  E i t h e r  or  
b o t h  o f  t h e s e  c a s e s  may have  had  r i g i d  m e d i a s t i n a  
f o l l o w i n g  in f l a m m a to r y  p r o c e s s e s .
R i v i e r e  ( 1 8 )  c o n c u r s  w i t h  t h e  c o n c l u s i o n  of 
B u r r e l l  and  M acN alty ,  b u t  l i k e  Ambers on and P e t e r s ,  
he  f a i l s  t o  g iv e  e v i d e n c e  i n  s u p p o r t  o f  h i s  v i e w s .
The q u e s t i o n  i s  one w h ic h  c a n n o t  be s o l v e d  by 
e x p e r i m e n t s  on t h e  c h e s t  o f  a  n o rm a l man f o r  o b v io u s  
r e a s o n s ,  b u t  a  s t u d y  o f  t h e  v a r i a t i o n s  o f  i n t r a ­
p l e u r a l  p r e s s u r e s  i n  a r t i f i c i a l  p n eu m o th o ra x  i s  of 
a s s i s t a n c e .  I t  i s  f r e q u e n t l y  o b s e rv e d  d u r i n g  a  
p n e u m o th o ra x  r e f i l l  o r  s o o n  a f t e r  a  r e f i l l ,  t h a t  
t h e r e  i s  a  g r a d u a l  b u t  d e f i n i t e  f a l l  i n  t h e  i n t r a ­
p l e u r a l  p r e s s u r e  on t h e  t r e a t e d  s i d e .  T h is  i s  e x ­
p l a i n e d  b y  t h e  f a c t ,  a s  E m erson  (1 3 )  d e m o n s t r a t e s ,  
t h a t  t h e  t h o r a x  h a s  c o n s i d e r a b l e  accom m odative  
pow ers  a n d  i s  c a p a b l e  o f  c o u n t e r a c t i n g  i n c r e a s e  o f  
i n t r a p l e u r a l  p r e s s u r e  b y  a n  e n la r g e m e n t  o f  t h e  t h o r a x
p ro d u c e d  by  u n c o n s c io u s  e l e v a t i o n  o f  t h e  r i b s  and 
d e s c e n t  o f  t h e  d ia p h ra g m .  F u r t h e r ,  i n  c a s e s  o f  
a r t i f i c i a l  p n e u m o th o ra x  a t  H a r e f i e l d ,  i t  was n o te d  
t h a t  t h e  p o s t u r e  o f  t h e  p a t i e n t  had a  c o n s i d e r a b l e  
i n f l u e n c e  on t h e  p r e s s u r e  i n  t h e  p n e u m o th o ra x  c a v i t y *  
| I f  t h e  p a t i e n t  l a y  on t h e  t r e a t e d  s i d e ,  t h e  p r e s s u r e  
i n  t h e  p n e u m o th o ra x  c a v i t y  was g r e a t e r  t h a n  i f  he 
l a y  on t h e  sound  s i d e .  T h is  phenomenon was o b s e rv e d  
b y  B u r r e l l  ( 1 4 ) ,  and h a s  b e e n  p ro v e d  by him  b y  means 
o f  X - r a y s  t o  be  due t o  t h e  movement of t h e  i n t r a -  
t h o r a c i c  v i s c e r a  u n d e r  t h e  i n f l u e n c e  o f  g r a v i t y .
A ls o ,  t h e  movement o f  t h e  m e d ia s t in u m  u n d e r  t h e s e  
c o n d i t i o n s  c a n  u s u a l l y  be d e m o n s t r a t e d  by  t h e  s h i f t ­
in g  o f  t h e  a p e x  b e a t .
S in c e  t h e  movement o f  t h e  m e d ia s t in u m  u n d e r  t h e  
i n f l u e n c e  o f  g r a v i t y  i s  c a p a b l e  o f  c a u s i n g  a n  i n ­
c r e a s e  of i n t r a p l e u r a l  p r e s s u r e  on th e  lo w e r  s i d e ,  
i t  f o l l o w s  t h a t  i f  i n  a  n o rm a l c h e s t ,  t h e  i n f l u e n c e  
o f  p o s t u r e  h a v in g  b e e n  e l i m i n a t e d ,  t h e  i n t r a p l e u r a l  
p r e s s u r e  i s  r a i s e d  o n , f o r  i n s t a n c e ,  th e  l e f t  s i d e  
by  t h e  i n s e r t i o n  o f  a i r ,  a  movement o f  t h e  m e d ia s ­
t in u m  t o  t h e  r i g h t  s i d e  w i l l  t a k e  p l a c e ,  c a u s i n g  an
j j  _
t • !
i  i
| i n c r e a s e  o f  i n t r a p l e u r a l  p r e s s u r e  on t h a t  s i d e .  |
i ■ [
| F u r t h e r  i t  i s  r e a s o n a b l e  t o  d e d u c e  t h a t  t h i s  i n c r e a s e  
j  w i l l  be n e g a t i v e d  t o  some e x t e n t  by t h e  accom m o d a tiv e  i
| p o w ers  o f  t h e  t h o r a x .  S i m i l a r l y ,  on t h e  l e f t  s i d e
! \
! t h e  same p r o c e s s  w i l l  t a k e  p l a c e  and b y  v i r t u e  o f  i t s  
e l a s t i c i t y  t h e  m e d ia s t in u m  w i l l  t e n d  t o  r e t u r n  t o  i t s  
; o r i g i n a l  p o s i t i o n  s o  h a s t e n i n g  t h e  f a l l  o f  p r e s s u r e
on t h e  r i g h t  s i d e  and r e t a r d i n g  t h e  f a l l  on t h e  l e f t  :
j  L
j  s i d e .  The n e t  e f f e c t  w i l l  be t h a t  t h e  i n t r a p l e u r a l
| p r e s s u r e  on t h e  r i g h t  s i d e  w i l l  f a l l  m a r k e d l y ,p o s s i b l y
I  t o  n o rm a l ,  and t h e  i n t r a p l e u r a l  p r e s s u r e  on t h e  l e f t  j
! s i d e  w i l l  a l s o  f a l l  b u t  t o  a  l e s s  e x t e n t ,  p r o d u c in g
i !I :
i a  d i f f e r e n c e  i n  i n t r a p l e u r a l  p r e s s u r e s .
* I
T h ese  d e d u c t i o n s  a c c o r d  w i t h  th e  c o n c l u s i o n s  o f  j
| Graham and  B e l l  i n  t h a t ,  f o l l o w i n g  i n s e r t i o n  o f  a i r  
j  j
| on one s i d e  an  i n i t i a l  u n i f o r m  i n t r a t h o r a c i c  p r e s s u r e |
!  iI i
i s  p o s t u l a t e d ,  and t h e s e  a u t h o r s  a l s o  o b s e rv e d  t h a t  j
i  !
j t h e r e  i s  a  g r a d u a l  f a l l  i n  p r e s s u r e  i n  c l o s e d  pneumo-j
i
t h o r a x  ( 9 ) .  The d e d u c t i o n  t h a t  t h e r e  s h o u ld  be  a  
f i n a l  d i f f e r e n c e  of i n t r a p l e u r a l  p r e s s u r e s  on t h e  
two s i d e s ,  a c c o r d s  w i t h  t h e  c l i n i c a l  o b s e r v a t i o n s  o f  
B u r r e l l  and M acN a lty .
F i n a l l y ,  w h e th e r  o r  n o t  t h e r e  i s  u n i f o r m i t y  of 
i n t r a t h o r a c i c  p r e s s u r e ,  t h e  f a c t  r e m a i n s ,  p ro v e d  by 
t h e  e x p e r i e n c e  o f  many p h y s i c i a n s  t h a t  th e  c o n t r a ­
l a t e r a l  l u n g  i n  a r t i f i c i a l  p n e u m o th o ra x  c a r r i e s  i t s  
e x t r a  lo a d  w i t h  e f f i c i e n c y  and l i t t l e  o r  no r e ­
s p i r a t o r y  e m b a r ra s s m e n t  n o r m a l l y  r e s u l t s .
PATHOLOGICAL CONSIDERATIONS.
I n  a l l  fo rm s  o f  t u b e r c u l o s i s ,  t h e  d e p o s i t  o f  
t h e  B a c i l l u s  t u b e r c u l o s i s  i n  a  t i s s u e  p r o d u c e s  so o n ­
e r  o r  l a t e r ,  t h e  c h r o n i c  in f l a m m a to r y  p r o c e s s  known 
a s  a  g ra n u lo m a ,  t h e  e s s e n t i a l  e le m e n t  o f  w hich  i n  
t h i s  d i s e a s e ,  i s  t h e  t u b e r c l e .  As a  r e s u l t  o f  t h e  
b a c i l l a r y  i n f e c t i o n ,  l o c a l  p r o l i f e r a t i v e  c h a n g e s  
t a k e  p l a c e ,  p r o d u c in g  h i g h l y  v a s c u l a r  g r a n u l a t i o n s  
i n  t h e  c e n t r e  o f  w h ich  d e v e lo p  t y p i c a l  m u l t i n u c l e a t — 
ed g i a n t - c e l l s  and num erous m o n o n u c le a r  c e l l s .  A 
few^ t u b e r c l e  b a c i l l i  a r e  fo u n d  i n  and  am o n g st t h e s e  
c e l l s .  T h i s  t u b e r c u l o u s  g r a n u l a t i o n  t i s s u e  r a p i d l y  
becom es non—v a s c u l a r  and fo rm s  a  sem i—t r a n s l u c e n t  
m ass  o r  g r a y  t u b e r c l e ,  t h e  c e n t r e  o f  w h ich  u n d e rg o e s  
a  c o a g u l a t i o n  n e c r o s i s  o r  c a s e a t i o n .  At t h e  same 
t i m e ,  t h e  c o n n e c t i v e  t i s s u e  c e l l s  o f  t h e  t u b e r c l e  
a t t e m p t  t o  e n c l o s e  t h e  m ass i n  a  c a p s u l e  o f  f i b r o u s  
t i s s u e .  I f  t h e  r e s i s t a n c e  o f  t h e  i n f e c t e d  t i s s u e  
i s  s u f f i c i e n t l y  s t r o n g ,  t h i s  a t t e m p t  s u c c e e d s  and 
t h e  b a c i l l i  and c a s e o u s  m a t e r i a l  become e n c a p s u l ­
a t e d  and  t h e  p r o g r e s s  o f  t h e  t u b e r c u l o s i s  i s  c h e c k e d .  
I f  h o w e v e r ,  t h e s e  e f f o r t s  a t  r e p a i r  f a i l ,  owing t o  
t h e  weak r e s i s t a n c e  o f  t h e  t i s s u e s  r e l a t i v e  t o  t h e
s t r e n g t h  o f  t h e  i n f e c t i o n ,  t h e  t u b e r c u l o u s  p r o c e s s  
s p r e a d s ,  i n v o l v i n g  s u r r o u n d i n g  t i s s u e s  and* f r e q u e n t l y  
f u s i n g  w i t h  o t h e r  s i m i l a r  f o c i  t o  fo rm  a  l a r g e  m ass 
o f  t u b e r c l e s  w i t h  a  y e l l o w  c a s e a t e d  c e n t r e *  P a r t i c -  j 
l e s  o f  t h e  i n f e c t i v e  d e b r i s  may be  c a r r i e d  b y  t h e  
b lo o d  o r  lym ph s t r e a m  t o  o t h e r  p a r t s  o f  t h e  a f f e c t e d  
o rg a n  o r  t o  o t h e r  o rg a n s  o f  t h e  b o d y  and s o  t h e  
d i s e a s e  i s  d i s s e m i n a t e d .
I n  p u lm o n a ry  t u b e r c u l o s i s ,  t h e  s i t e  o f  t h e  
i n i t i a l  d e p o s i t  i s  u s u a l l y  t h e  w a l l  o f  a  s m a l l e r  
b r o n c h i o l e ,  and t h e  s u r r o u n d i n g  a l v e o l i  become f i l l e d  
w i t h  c a s e o u s  m a t e r i a l ,  and t h e  a l v e o l a r  w a l l s  show 
e v id e n c e  o f  f i b r o s i s  e x c e p t  towafcds t h e  c e n t r e  o f  
t h e  d i s e a s e d  a r e a  w here  t h e  a l v e o l a r  w a l l s  a r e  a l s o  
i n v o l v e d  i n  t h e  g e n e r a l  c a s e o u s  d e g e n e r a t i o n .  Be­
yond t h e  a r e a  o f  f i b r o s i s ,  t h e  a l v e o l i  a r e  s u b j e c t  
t o  c a t a r r h  o f  t h e  b ro n c h o -p n e u m o n ic  t y p e .  Thus t h e  
d i s e a s e d  t i s s u e  c o n s i s t s  o f  a  c e n t r a l  a r e a  w h e re  t h e  
t u b e r c l e  b a c i l l i  h av e  b e e n  v i c t o r i o u s ,  a  s u r r o u n d i n g  
a r e a  o f  f i b r o u s  t i s s u e  f o r m a t i o n  o f  v a r y i n g  e x t e n t  
w here  t h e  f i g h t  i s  s t i l l  b e i n g  w aged, and beyond
tl^ lB , a  s k i r m i s h i n g  a r e a  w here  t h e  t o x i n s  o f  t h e
-
i n f e c t i o n  h av e  i r r i t a t e d  t h e  s u r r o u n d i n g  h e a l t h y
—s c —
t i s s u e  i n t o  a n  i n f l a m m a to r y  p r o t e c t i v e  s t a t e .  The 
d i s e a s e  may s p r e a d  b y  d i r e c t  i n f i l t r a t i o n  o r  b y  t h e  
b lo o d  o r  l y m p h a t i c  s t r e a m s  and i n  some c a s e s  b y  
a s p i r a t i o n  o f  i n f e c t i v e  m a t e r i a l  i n t o  a  h e a l t h y  
b r o n c h i o l e .
I n  t h e  a c u t e  c a s e o u s  ty p e  o f  th e  d i s e a s e ,  t h e r e  
i s  r a p i d  f o r m a t i o n  o f  l a r g e  a r e a s  o f  s o f t e n i n g  w i t h  
l i t t l e  o r  no  a t t e m p t  a t  f i b r o u s  t i s s u e  f o r m a t i o n .
A l l  s t a g e s  o f  t h i s  s o f t e n i n g  may be fo u n d  i n  t h e  
l u n g s  and m a sse s  o f  t h e  c a s e o u s  m a t e r i a l  may be 
e x p e c t o r a t e d ,  l e a v i n g  c a v i t i e s  w i t h  s o f t  r a g g e d  
w a l l s .
More u s u a l l y ,  i n  t h e  f i b r o - c a s e o u s  fo rm  o f  
p u lm o n a ry  t u b e r c u l o s i s ,  t h e  h e a l i n g  and t h e  d e g e n ­
e r a t i v e  p r o c e s s e s  a r e  more n e a r l y  b a l a n c e d  and 
v a r i o u s  s t a g e s  o f  t h e  d i s e a s e  a r e  a lw a y s  p r e s e n t  
i n  t h e  l u n g .  The o l d e r  l e s i o n s  show e v id e n c e  o f  
c o n s i d e r a b l e  f i b r o s i s ,  w h i l e  t h e  more r e c e n t  l e s i o n s  
show marked c a s e a t i o n  and a r e  s u r r o u n d e d  by  t i s s u e s  
i n  a  b ro n c h o -p n e u m o n ic  s t a t e . .  C a v i t i e s  a r e  a l s o  
f o u n d  i n  t h i s  t y p e  o f  d i s e a s e  and t h e y  may be 
q u i e s c e n t  w i t h  sm o o th  f i b r o u s  w a l l s  o r  have  a n  
o u t e r  f i b r o u s  w a l l  and a n  i n n e r  r a g g e d  w a l l  d i s ­
c h a r g i n g  p u s .  T hese  c a v i t i e s  a r e  so m e tim es  t r a v ­
e r s e d  b y  t r a b e c u l a e  c o n s i s t i n g  o f  v e s s e l s  o r  b r o n c h i ,  
and  a n e u r i s m s  o f  t h e  b lo o d  v e s s e l s  i n  t h e  w a l l s  o r  
i n  t h e  t r a b e c u l a e  may e x i s t .  R u p t u r e  o f  s u c h  a n  
a n e u r i s m  c a u s e s  h a e m o p t y s i s .  F i b r o u s  t i s s u e  n e a r  a  
c a v i t y  t e n d s  t o  i n c r e a s e  and a d j a c e n t  p l e u r a  may be 
much t h i c k e n e d  i n  c o n s e q u e n c e .  I n  some c a s e s ,  a r e a s  
o f  c a s e o u s  m a t e r i a l  may be  s u r r o u n d e d  b y  a  t h i c k  f i b ­
r o u s  c a p s u l e  and s o  r e m a in  in n o c u o u s  s o  l o n g  a s  t h e  
c a p s u l e  i s  u n r u p t u r e d .  The p r o c e s s  may be  c a r r i e d  
f u r t h e r ,  and c a l c i f i c a t i o n  o f  t h e  c a s e o u s  a r e a  may 
o c c u r  r e n d e r i n g  i t  n o n - i n f e c t i o u s .
Where a  g r e a t  e x c e s s  o f  f i b r o u s  t i s s u e  i s  p r o ­
d u c e d  t h r o u g h o u t  t h e  l u n g  o r  a  l o b e  o f  t h e  l u n g ,  t h e  
a f f e c t e d  a r e a  becom es c o n t r a c t e d  and  f i r m  and t h e  
p l e u r a '  i s  much t h i c k e n e d  and a d h e r e n t .  T h is  i s  t h e  
f i b r o i d  ty p e  o f  t h e  d i s e a s e ,  and b r o n c h i e c t a s i s  may 
r e s u l t  f ro m  t h e  p u l l  o f  t h e  c o n t r a c t i n g  f i b r o u s  
t i s s u e  on t h e  w eakened  w a l l s  o f  t h e  b r o n c h i .  By t h e  
same f o r c e ,  t h e  m e d ia s t in u m  may be p u l l e d  o v e r  t o ­
w a rd s  t h e  a f f e c t e d  s i d e ,  and a  c o m p e n s a to ry  emphy­
sema may o c c u r  i n  t h e  u n a f f e c t e d  lu n g  a r e a s .
The p l e u r a  i s  c o n s t a n t l y  a f f e c t e d  i n  p u lm o n a ry  
t u b e r c u l o s i s .  E a r l y  p l e u r i s y  o f  thB  d r y  fo rm  o c c u r s
 f j x j ----
an d  t h i s  may go on t o  c o n s i d e r a b l e  t h i c k e n i n g  w i t h  
f o r m a t i o n  o f  a d h e s i o n s  b e tw e e n  t h e  l u n g  and t h e  c h e s t  
w a l l .  A d h e s io n s  a r e  m ost c o n s t a n t l y  fo u n d  o v e r  t h e  
o l d e r  l e s i o n s ,  m ore e s p e c i a l l y  o v e r  l a r g e  s u p e r ­
f i c i a l  c a v i t i e s .  I n  a p i c a l  c a v i t y  f o r m a t i o n ,  m arked 
p l e u r a l  t h i c k e n i n g  and a d h e s io n s  a r e  commonly fo u n d  
a s  a r e s u l t  o f  t h e  r e l a t i v e l y  l a r g e  a r e a  o f  p l e u r a  
i n  c l o s e  p r o x i m i t y  t o  t h e  t u b e r c u l o u s  l e s i o n .  I n  
a c u t e  c a s e s ,  t h e  p l e u r a  may be s tu d d e d  w i t h  m i l i a r y  
t u b e r c l e s  l e a d i n g  t o  s e r o u s  e f f u s i o n  and s o  f r e q u e n t ­
l y  c a u s i n g  c o l l a p s e  of t h e  w h o le  o r  p a r t  o f  th e  lung., 
The t r a c h e o —b r o n c h i a l  g l a n d s  a r e  i n v a r i a b l y  i n v o lv e d  
i n  p u lm o n a ry  t u b e r c u l o s i s  and  may be c a s e o u s ,  f i b r o — 
c a se o u s :  o r  c a l c i f i e d .
F rom  t h e  p a t h o l o g i c a l  p r o c e s s e s  t h a t  t a k e
*
p l a c e  i n  t h e  l u n g  i n  c a s e s  o f  p u lm o n a ry  t u b e r c u l o s i s ,  
i t  i s  r e a d i l y  s e e n  t h a t  n a t u r e  makes s t r e n u o u s  
e f f o r t s  t o  e l i m i n a t e  o r  d i m i n i s h  t h e  e f f e c t s  o f  t h e  
i n f e c t i o n .  I m p e n e t r a b l e  b a r r i e r s  o f  f i b r o u s  t i s s u e s  
a r e  r a i s e d  i n  some c a s e s ,  w h ich  fo rm  e f f e c t i v e  
m e c h a n ic a l  c h e c k s  t o  t h e  p r o g r e s s  o f  t h e  d i s e a s e .  
F i b r o u s  t i s s u e  c o n t r a c t s  a s  i t  g row s o l d e r  and t h e  
e f f e c t  o f  t h i s  c o n t r a c t i o n  i s  t o  c l o s e  v a s c u l a r
—6 0 —
c o m m u n ic a t io n  b e tw e e n  t h e  d i s e a s e d  a r e a  and t h e  r e s t  
o f  t h e  b o d y ,  t h u s  l o c a l i s i n g  i n f e c t i v e  m a t e r i a l  and 
h a r m f u l  t o x i n s .  P l e u r i t i c  t h i c k e n i n g s  and a d h e s io n s  
o v e r  c a v i t i e s  a r e  m eans o f  s t r e n g t h e n i n g  t h e  w a l l s  
o f  t h e  c a v i t y  and s o  d i m i n i s h i n g  t h e  r i s k  o f  t h e  
r u p t u r e  o f  t h e  c a v i t y  i n t o  t h e  p l e u r a l  s a c  and t h e  
c o n s e q u e n t  i n f e c t i o n  o f  t h e  l a t t e r .  P l e u r a l  
e f f u s i o n  m ig h t  a l s o  be  r e g a r d e d  a s  a  means o f  c o l l ­
a p s i n g  t h e  l u n g  t o  g i v e  i t s  d i s e a s e d  p o r t i o n s  t h e  
r e s t  n e c e s s a r y  f o r  t h e  c u r a t i v e  p r o c e s s .
T H E  R A T I O N A L E  O F  A R T I F I C I A L  P N E U M O T H O R A X  T R E A T M E N T .
When a r t i f i c i a l  p n e u m o th o ra x  i s  i n d u c e d ,  w h e th e r  
c a v i t a t i o n  i s  p r e s e n t  o r  a b s e n t ,  t h e  d e s t r u c t i o n  
o f  t h e  vacuum i n  t h e  p l e u r a l  c a v i t y  i s  f o l l o w e d  by 
e l a s t i c  r e c o i l  o f  t h e  p u lm o n a ry  t i s s u e  and  c o n s e q u e n t  
c o n t r a c t i o n  o f  t h e  l u n g .  The c o n t r a c t i o n  o f  t h e  lung  
i s  n a t u r a l l y  f o l l o w e d  b y  e x p u l s i o n  o f  t h e  more f l u i d  
p a t h o l o g i c a l  p r o d u c t s ,  and  t h i s  i s  d e m o n s t r a t e d  by 
t h e  i n i t i a l  i n c r e a s e  o f  t h e  d a i l y  q u a n t i t y  o f  spu tum  
t h a t  f r e q u e n t l y  f o l l o w s  t h e  i n d u c t i o n  o f  a r t i f i c i a l  
p n e u m o t h o r a x .  Thus t h e  c o m p r e s s i o n  o f  t h e  l u n g ,  a t  
a n  e a r l y  s t a g e  i n  t r e a t m e n t ,  a s s i s t s  i n  t h e  re m o v a l  
o f  i n f e c t i v e  m a t e r i a l  f r o m  t h e  l u n g .
R e s t  i s  e s s e n t i a l  t o  t h e  h e a l i n g  of  an y  l e s i o n ,  
f o r  one c a n n o t  be  o t h e r  t h a n  i m p r e s s e d  by t h e  e x ­
c e l l e n t  r e s u l t s  o b t a i n e d  i n  t h e  t r e a t m e n t  of  bone 
t u b e r c u l o s i s ,  t h e  e s s e n c e  o f  w h ic h  i s  i m m o b i l i s a t i o n .  
The p e r p e t u a l  c o n t r a c t i o n  and e x p a n s i o n  o f  t h e  
t u b e r c u l o u s  l u n g ,  h o w e v e r ,  p r e v e n t s  t h e  h e a l i n g  p r o ­
c e s s  and  a l s o  c a u s e s  t h e  l u n g  t o  a c t  a s  a  pump f o r  
t h e  d i s t r i b u t i o n  o f  b a c i l l i  and t o x i n s  t h r o u g h  t h e  
v a s c u l a r  s y s t e m s  t o  o t h e r  a r e a s .  The c h i e f  r e s u l t  
o f  t h e  c o l l a p s e  o f  t h e  l u n g  by  t h e  i n s e r t i o n  o f  a i r
u w —
i n t o  t h e  p l e u r a l  c a v i t y  i s  t o  b r i n g  t h e  l u n g  i n t o '  
a s t a t e  o f  c o m p a r a t i v e  r e s t ,  w i t h  c o n s e q u e n t  p r o ­
fo u n d  c h a n g e s  i n  t h e  o r g a n  i t s e l f  and i n  t h e  t h o r a x  
g e n e r a l l y .
I n  c h r o n i c  p u lm o n a ry  t u b e r c u l o s i s ,  f i b r o s i s  
i s  a lw a y s  p r e s e n t  and t h i s  f i b r o s i s ,  w h i l e  t e n d ­
i n g  t o  t h e  l i m i t a t i o n  o f  t h e  s p r e a d  o f  t h e  d i s ­
e a s e ,  I s  a  f a c t o r  w h ic h ,  i n  a s s o c i a t i o n  w i t h  t h e  
n o rm a l  s t a t e  o f  p u lm o n a ry  t e n s i o n ,  p r e v e n t s  t h e  
c o l l a p s e  o f  c a v i t i e s ,  t h e  w a l l s  o f  w hich  i n  most 
c a s e s  a r e  e x u d i n g  p u s .  D iag ra m  A i l l u s t r a t e s  a  
c a v i t y  i n  t h e  l e f t  l u n g  sh o w in g  how, i n  s p i t e  of  
t h e  t e n d e n c y  o f  t h e  f i b r o u s  w a l l s  of  t h e  c a v i t y  
t o  c o n t r a c t  and s o  p r o d u c e  o b l i t e r a t i o n  or  dim­
i n u t i o n  o f  t h e  c o n t a i n e d  s p a c e ,  t h i s  w a l l  i s  p u l l e d  
o u t  by  c e n t r i p e t a l  f o r c e s  w h ic h  a r e  t h e  d i r e c t  
r e s u l t  o f  t h e  p h y s i o l o g i c a l  vacuum t h a t  k e e p s  
t h e  v i s c e r a l  and p a r i e t a l  p l e u r a  i n  a p p o s i t i o n .
D  ia  a7?  A .
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When f i b r o s i s  o f  t h e  l u n g  i s  m ark ed ,  f i b r o u s  
s t r a n d s  r a d i a t e  f ro m  t h e  c a p s u l e  o f  t h e  c a v i t y ,  
and have  t h e i r  u l t i m a t e  d i s t a l  a t t a c h m e n t  e i t h e r  
i n  t h i c k e n e d  p l e u r a  o r  i n  t h e  m e d i a s t i n u m .  W hile  
i t  i s  t r u e  t h a t  n e i t h e r  t h e  m e d i a s t i n u m  n o r  t h e  
c h e s t  w a l l  t o  w h ich  t h e  p l e u r a  i s  a p p l i e d  i s  a 
f i x e d  a n c h o r  f o r  t h e s e  f i b r o u s  s t r a n d s ,  f o r  i t  i s  
w e l l  known t h a t  f l a t t e n i n g  of  t h e  c h e s t  w a l l  and 
m e d i a s t i n a l  d i s p l a c e m e n t  a r e  r e s u l t s  o f  f i b r o t i c  
c h a n g e s ,  i t  i s  a l s o  r e c o g n i s e d  t h a t  t h e s e  d e fo rm ­
i t i e s  a r e  r a r e l y  e x c e s s i v e ,  and e v e n  when e x ­
c e s s i v e ,  t h e  enormous  f o r c e  r e q u i r e d  t o  p ro d u c e  
s u c h  marked c h a n g e s  must  a l s o  e x e r t  a  v e r y  g r e a t  
p u l l  on t h e  c a v i t y  w a l l .  T h u s ,  t h e  t e n d e n c y  of 
t h e  f i b r o u s  s t r a n d s  t o  c o n t r a c t  a s s i s t s  t h e  
p h y s i o l o g i c a l  f o r c e s  i n  k e e p i n g  t h e  c a v i t y  o r  
c a v i t i e s  p a t e n t s
— U i . ---
G iv en  t h a t  a  l e n g t h  o f  e l a s t i c  t i s s u e  h a s  t o  
s t r e t c h  a c r o s s  a c e r t a i n  d i s t a n c e ,  i f  a  p o r t i o n  of  
t h e  l e n g t h  o f  e l a s t i c  t i s s u e  l o s e s  i t s  e l a s t i c  p r o ­
p e r t i e s ,  t h e  r e m a i n d e r  o f  t h e  e l a s t i c  t i s s u e  w i l l  
b e  s t r e t c h e d  t o  a  g r e a t e r  e x t e n t  t h a n  b e f o r e .  On 
t h i s  p r i n c i p l e ,  P a r r y  Morgan ( 1 5 )  h as  shown t h a t  a s  
a  r e s u l t  o f  t h e  d e s t r u c t i o n  o f  t h e  e l a s t i c  t i s s u e  
i n  a  t u b e r c u l o s i s  f o c u s ,  t h e  l u n g  t i s s u e  a l o n g  any  
a x i s  p a s s i n g  t h r o u g h  t h e  c o n s o l i d a t e d  mass m ust  be  
s u b j e c t e d  t o  g r e a t e r  s t r e t c h i n g  t h a n  t h e  r e m a i n d e r  
o f  t h e  l u n g .
S ine© t h e  c a v i t y  i s  e s s e n t i a l l y  a  c o n s o l i d a t e d  
m ass ,  t h e  c e n t r e  o f  w h ich  h a s  b e e n  e v a c u a t e d ,  t h e  
same c o n d i t i o n s  m ust  a p p l y  i n  t h e  c a s e  o f  t h e  a x i s  
p a s s i n g  t h r o u g h  t h e  c a v i t y .  H e re ,  t h e r e f o r e ,  i s  
a n  a d d i t i o n a l  f a c t o r  w h ich  may k e e p  a  c a v i t y  p a t e n t .
Ate shown i n  D iag ra m  B, when t h e  v i s c e r a l  and 
p a r i e t a l  p l e u r a E  a r e  s e p a r a t e d  by t h e  e s t a b l i s h m e n t  
o f  an  a r t i f i c i a l  p n e u m o th o ra x ,  t h e  l u n g  i s  no l o n g ­
e r  a p p l i e d  t o  t h e  t h o r a c i c  w a l l .  The e l a s t i c  and 
f i b r o u s  s t r a n d s  no l o n g e r  p u l l  t h e  c a v i t y  w a l l  t o ­
w a rd s  t h e  p l e u r a ;  t h e  p l e u r a  i s  now p u l l e d  t o w a r d s  
t h e  c a v i t y .  I n  t h e  same way, t h e  c a v i t y  w a l l  i s
n o  l o n g e r  p u l l e d  t o w a r d s  t h e  m e d i a s t i n u m ,  t h e  whole  
l e s i o n ,  w a l l  and lum en ,  moves t o w a r d s  t h e  m e d i a s t i n ­
um. The c o n t r a c t i n g  f o r c e  o f  t h e  c a v i t y  w a l l  i s  no 
l o n g e r  c o u n t e r a c t e d  by t h e  c e n t r i p e t a l  f o r c e s  and 
t h e  i n t e r n a l  s u r f a c e s  of  t h e  c a v i t y  may e v e n t u a l l y  
m eet  and  c o a l e s c e ,  s o  p r o d u c i n g  h e a l i n g .  By t h e  
same p r o c e s s ,  t u b e r c u l o u s  u l c e r a t i o n  of  t h e  w a l l s  
o f  t h e  s m a l l e r  r e s p i r a t o r y  p a s s a g e s  may be h e a l e d  
b y  b e i n g  p r e s s e d  a g a i n s t  o t h e r  p u lm o n a ry  s t r u c t u r e s .
P e t e r s  ( 1 6 ) ,  h a v i n g  i n d u c e d  a r t i f i c i a l  pneumo­
t h o r a x  i n  a  r a b b i t ,  i n j e c t e d  a  q u a n t i t y  o f  lamp 
b l a c k  i n t o  t h e  a n i m a l ’s  c i r c u l a t o r y  s y s t e m .  The 
u n c o l l a p s e d  l u n g  was fo u n d  t o  c o n t a i n  much more 
c a r b o n  t h a n  t h e  c o l l a p s e d  l u n g ,  p r o v i n g  t h a t  t h e  
c i r c u l a t i o n  of  t h e  b lo o d  i n  t h e  c o l l a p s e d  l u n g  i s  
much s m a l l e r  t h a n  t h a t  i n  t h e  u n c o l l a p s e d  l u n g .  By 
means o f  s i m i l a r  e x p e r i m e n t s ,  i t  h a s  b e e n  shown t h a t  
t h e  f l o w  o f  lymph t h r o u g h  t h e  l u n g s  v a r i e s  d i r e c t l y  
w i t h  t h e  e x t e n t  o f  t h e  r e s p i r a t o r y  movements ,  s o  
t h a t  t h e  d i m i n u t i o n  o f  movement f o l l o w i n g  t h e  c o l l ­
a p s e  o f  a  l u n g  i s  f o l l o w e d  by  s t a s i s  of  t h e  lymph­
a t i c  f l u i d  i n  t h a t  o r g a n .  F u r t h e r ,  i n  p o s t - m o r t e m  
e x a m i n a t i o n s ,  i t  i s  found  t h a t  t h e  v e i n s  and lymph­
a t i c  c h a n n e l s  i n  a  c o l l a p s e d  l u n g  a r e  d e f i n i t e l y  d i l ­
a t e d ,  and  t h i s  m us t  a s s i s t  i n  t h e  p r o d u c t i o n  of  
v e n o u s  and l y m p h a t i c  s t a s i s .  The e f f e c t  o f  s u c h  
s t a s i s  m us t  be t o  r e t a r d  t h e  a b s o r p t i o n  and d i s t r i b ­
u t i o n  o f  t o x i c  p r o d u c t s  and t o  l i m i t  t h e  e n t r a n c e  
o f  t u b e r c l e  b a c i l l i  i n t o  t h e  g e n e r a l  c i r c u l a t i o n .
A f u r t h e r  e f f e c t  o f  c o m p r e s s i o n  o f  t h e  l u n g ,  a s  
s e e n  i n  p o s t - m o r t e m  e x a m i n a t i o n s ,  i s  t h e  i n c r e a s e d  
p r o d u c t i o n  o f  f i b r o u s  t i s s u e  i n  t h a t  l u n g .  T h i s  i s  
p r o b a b l y  d u e  t o  t h e  d i m i n u t i o n  o f  movement o f  t h e  
o r g a n ,  and i s  an  e f f e c t  f r e q u e n t l y  n o t e d  i n  o t h e r  
s t r u c t u r e s  when s u b j e c t e d  t o  d i s u s e .  The r e s u l t  
o f  t h i s  o v e r g r o w t h  o f  f i b r o u s  t i s s u e  i s  t o  a s s i s t  
i n  t h e  w a l l i n g  o f f  o f  c a v i t i e s ,  t h e  c o n s t r i c t i o n  o r  
o b l i t e r a t i o n  of  t h e  v a s c u l a r  s y s t e m s  and t h e  s t i l l  
f u r t h e r  c o n t r a c t i o n  o f  t h e  l u n g .
When a r t i f i c i a l  p n eu m o th o ra x  i s  in d u c e d  f o r  t h e  
t r e a t m e n t  o f  h a e m o p t y s i s ,  t h e  c e s s a t i o n  o f  h a e m o r r ­
h ag e  i s  p r o b a b l y  due  t o  t h e  r e l a t i v e  i m m o b i l i s a t i o n  
o f  t h e  l u n g  and s t a s i s  o f  t h e  b l o o d  r a t h e r  t h a n  t o  
c o m p r e s s i o n .  On t h e  o t h e r  h a n d ,  h o w e v e r ,  p u lm o n a ry  
h a e m o r rh a g e  i n  t u b e r c u l o s i s  i s  f r e q u e n t l y  due  t o  
t h e  r u p t u r e  o f  a v e s s e l  i n  t h e  w a l l  o f  a  c a v i t y  and
t h e  a r r e s t  o r  d i m i n u t i o n  o f  s u c h  a  h a e m o r rh a g e  i s  no 
d o u b t  a s s i s t e d  b y  t h e  c o n t r a c t i o n  o f  t h e  f i b r o u s  w a l l
| o f  t h e  c a v i t y ,  s o  c o m p r e s s i n g  t h e  r u p t u r e d  v e s s e l .
i
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| The f u n c t i o n i n g  l u n g  i n  a r t i f i c i a l  p n e u m o th o ra x
| h a s  t o  b e a r  t h e  w h o le  b u r d e n  o f  r e s p i r a t i o n ,  and t h i s
I
j f u n c t i o n  i s  t o  some e x t e n t  ham pered  by  t h e  p a r t i a l  
r e l a x a t i o n  o f  t h e  l u n g  due  t o  t h e  a l m o s t  i n v a r i a b l e  
d i s p l a c e m e n t  o f  t h e  m e d i a s t i n u m  t o w a r d s  t h e  sound  
s i d e .  R e s p i r a t o r y  e m b a r r a s s m e n t ,  h o w ev e r ,  i s  n o t  a  
f r e q u e n t  s y m p to m ^ p r o b a b ly  b e c a u s e ,  a s  many w o r k e r s  
h av e  shown, one t h i r d  o r  l e s s  o f  t h e  no rm a l  t o t a l  
l u n g  volume i s  s u f f i c i e n t  f o r  o r d i n a r y  r e s p i r a t o r y  
r e q u i r e m e n t s .
S i n c e  t h e  f l o w  o f  b lo o d  i n  t h e  c o l l a p s e d  l u n g  i s  
d i m i n i s h e d ,  a d d i t i o n a l  b lo o d  i s  c i r c u l a t e d  t h r o u g h  
t h e  u n c o l l a p s e d  l u n g ,  and t h i s  i s  p r o b a b l y  t h e  c a u s e  
o f  t h e  oedema i n  t h e  u n c o l l a p s e d  l u n g  w hich  o c c a s i o n ­
a l l y  s u p e r v e n e s ,  and must  be  c o n s t a n t l y  w a tc h e d  f o r .  
On t h e  w h o le ,  h o w e v e r ,  t h e  a c t u a l  m e c h a n i c a l  e f f e c t s  
o f  a r t i f i c i a l  p n e u m o th o ra x  on t h e  c o n t r a —l a t e r a l  l u n g  
a r e  so  s l i g h t  t h a t  t h e y  a r e  n o t  o f  v e r y  c o n s i d e r a b l e  
i m p o r t a n c e .
THE SELECTION OF CASES.
The C o u n t y  S a n a t o r i u m ,  H a r e f i e l d  c o n t a i n s  280 
b e d s  f o r  a d u l t  c a s e s ,  and a n  a v e r a g e  of  600 a d u l t s  
a r e  a d m i t t e d  e a c h  y e a r .  A r t i f i c i a l  p n e u m o th o ra x  
was  i n d u c e d  i n  t h e  f i r s t  h u n d r e d  c a s e s ,  a l l  o f  whom 
w ere  a d u l t s ,  o v e r  a  p e r i o d  o f  f o u r  y e a r s ,  s o  t h a t  
a p p r o x i m a t e l y  f o u r  p e r  c e n t  o f  a l l  a d u l t  a d m i s s i o n s  
were  e v e n t u a l l y  s o  t r e a t e d .  I n  d e a l i n g  w i t h  p a t i e n t s  
i n  a l l  s t a g e s  o f  t h e  d i s e a s e ,  o t h e r  w o r k e r s  r e p o r t  
3.5$£ t o  10^ a s  b e i n g  s u i t a b l e  f o r  a r t i f i c i a l  pneumo­
t h o r a x  t r e a t m e n t .  C h i l d r e n  a s  s u c h ,  were  n o t  d e ­
b a r r e d  f r o m  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  b u t  
t h e  o c c a s i o n  f o r  s o  t r e a t i n g  a  c h i l d  d i d  n o t  a r i s e ,  
p r o b a b l y  b e c a u s e  t h e  number o f  c h i l d r e n  a d m i t t e d  was 
r e l a t i v e l y  s m a l l  and t h e s e  w e r e ,  i n  t h e  m a in ,  m e r e l y  
p r e t u b e r c u l a r  o r  v e r y  e a r l y  c a s e s .
W i th  t h e  e x c e p t i o n  o f  a  v e r y  few c a s e s  o f  a c u t e  
p u lm o n a ry  t u b e r c u l o s i s ,  a l l  t h e  a d m i s s i o n s  w ere  c a s e s  
o f  t h e  c h r o n i c  t y p e  of  t h e  d i s e a s e  i n  t h e  e a r l y ,  
i n t e r m e d i a t e  o r  ad v a n c e d  s t a g e .  C o l l a p s e  t h e r a p y  
i s  p r o b a b l y  s u i t a b l e  f o r  a l m o s t  e v e r y  c a s e  of  p u l ­
monary  t u b e r c u l o s i s  a t  some s t a g e  o f  t h e  d i s e a s e ,  
and  a  g r e a t e r  p e r c e n t a g e  of  p a t i e n t s  would  d o u b t l e s s
h a v e  b e e n  o f f e r e d  t h i s  t r e a t m e n t  b u t  f o r  t h e  f a c t  
t h a t  few  of  t h e s e  c a s e s  w ere  u n d e r  s p e c i a l i s e d  m e d i c a l  
o b s e r v a t i o n  a t  t h e  t i m e  when o p e r a t i v e  i n t e r f e r e n c e  
would  h av e  b e e n  o f  g r e a t  v a l u e .  F u r t h e r ,  many c a s e s  
c o n s i d e r e d  u n s u i t a b l e  f r o m  a  c l i n i c a l  p o i n t  o f  v iew  
j f o r  p n e u m o th o ra x  t r e a t m e n t ,  w h i l e  r e c e i v i n g  o r d i n a r y  
s a n a t o r i u m  t r e a t m e n t ,  would  no  d o u b t  r e a c h  a  s t a g e  
a f t e r  d i s c h a r g e  when o p e r a t i v e  t r e a t m e n t^ '  w ould  be  
h i g h l y  b e n e f i c i a l .  C l i n i c a l  o p p o r t u n i t y  a p a r t ,  how- 
j  e v e r ,  t h e r e  a r e  s e v e r a l  f a c t o r s  w h ic h  p r e v e n t  t h e  
a p p l i c a t i o n  o f  t h i s  s p e c i a l  t r e a t m e n t  t o  o t h e r w i s e  
| su i tab le  case®. A p r o s p e c t i v e  p n e u m o th o ra x  p a t i e n t  
| must f a c t  the prospect of o p e r a t i v e  t r e a t m e n t  f o r  a  j 
purled of two y e a r s  or more, w i t h  t h e  added  i r k s o m e -  
n e s s  of s t r i c t  h y g i e n i c  s u p e r v i s i o n .  T h e r e a f t e r ,  * 
I f  t h i  r i i u l t i  are very f a v o u r a b l e ,  he w i l l  o n l y  be 
mbit to perform l ig h t  work f o r  a l i m i t e d  number  o f  
hours- piP day* in  recent y e a r s ,  t h e  q u e s t i o n  o f  c o s t  
I s  solved, so fa r  as treatment i s  c o n c e r n e d ,  by  t h e  
aoe©ptan§§ of the burden by  t h e  l o c a l  a u t h o r i t i e s ,  
but should the patient have family r e s p o n s i b i l i t i e s ,  
he may fe e l that he should attempt t o  work ,  i n  s p i t e  
of his impaired and parlous physical c o n d i t i o n ,  i n
o r d e r  t o  s q f e q u a r d  t h e  i n t e r e s t s  o f  h i s  d e p e n d a n t s .  
A r t i f i c i a l  p n e u m o th o ra x  may t h u s  be  r e f u s e d ,  t o  t h e  
d e t r i m e n t  b o t h  o f  t h e  p a t i e n t ,  and o f  t h e  i n t e r e s t s  
he hoped  t o  p r o t e c t .  The p r o s p e c t  of  t h e  d i s c o m f o r t  
and  i n c o n v e n i e n c e  o f  t h e  f r e q u e n t  s u b s e q u e n t  r e f i l l s !  
o c c a s i o n a l l y  d e t e r s  a  p a t i e n t  f ro m  a c c e p t i n g  t h e  
t r e a t m e n t  and  s o m e t i m e s ,  e v e n  t h o u g h  a  m i n o r ’s  c o n -  ■ 
s e n t  h a s  b e e n  o b t a i n e d ,  t h e  c o n s e n t  o f  t h e  r e l a t i v e s  
i s  u n r e a s o n a b l y  w i t h h e l d .
Most o f  t h e  a r t i f i c i a l  p n e u m o th o ra x  c a s e s  a t  
H a r e f i e l d  w ere  o f  p a t i e n t s  who had b e e n  u n d e r  ob­
s e r v a t i o n  i n  t h e  i n s t i t u t i o n  f o r  a  p e r i o d  o f  a t  j
|
l e a s t  t h r e e  m onths  and who d u r i n g  t h a t  t i m e  had  1
j
f a i l e d  t o  r e s p o n d  t o  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t *  
The e x c e p t i o n s  w e r e ,  ( a )  p a t i e n t s  who had b e e n  
u n d e r  d i s p e n s a r y  and d o m i c i l i a r y  o b s e r v a t i o n  b y  t h e  j 
T u b e r c u l o s i s  O f f i c e r  and  had  b e e n  recommended by  
h im f o r  im m ed ia te  o p e r a t i v e  t r e a t m e n t ,  ( b )  p a t i e n t s  
w i t h  h a e m o p t y s i s  w h ich  f a i l e d  t o  y i e l d  t o  o r d i n a r y  
m e a s u r e s  and whose p u lm o n a ry  and g e n e r a l  c o n d i t i o n  
was deemed f a v o u r a b l e  f o r  c o l l a p s e  t h e r a p y ,  and 
( c )  p a t i e n t s  w i t h  p l e u r a l  e f f u s i o n  a s p i r a t e d  and 
r e p l a c e d  by  a i r .  I n  t h i s  l a t t e r  t y p e  o f  c a s e ,  t h e
p n e u m o th o r a x  was m e r e l y  a  m e th o d ,  when c o n s i d e r e d  
a d v i s a b l e ,  o f  p r e s e r v i n g  t h e  c o l l a p s e  o f  t h e  l u n g  
a l r e a d y  p r o d u c e d  by  t h e  e f f u s i o n .
The b e s t  r e s u l t s  o b t a i n e d  by  a r t i f i c i a l  pneumo­
t h o r a x  t r e a t m e n t  a r e  no b e t t e r  t h a n  t h e  b e s t  o b t a i n ­
a b l e  b y  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t .  I t  b e h o v e s  
t h e  p h y s i c i a n ,  t h e r e f o r e ,  t o  a v o i d  o p e r a t i v e  meas­
u r e s  u n t i l  he  i s  s a t i s f i e d  t h a t  o r d i n a r y  t r e a t m e n t  
h a s  f a i l e d  o r  i s  l i k e l y  t o  do s o .  The p r i m a r y  
a p p l i c a t i o n  of  o r d i n a r y  m ethods  i s  a l s o  o f  v a l u e  i n  
t h a t  t h e  p h y s i c i a n  has  an  o p p o r t u n i t y  o f  o b s e r v i n g  j
and r e c o r d i n g  t h e  s i g n s  and  symptoms o f  t h e  p a t i e n t  1
o v e r  a  r e a s o n a b l e  p e r i o d  o f  t i m e .  I f ,  a t  t h e  end  j
o f  t h i s  t i m e ,  t h e  p a t i e n t  h a s  made s a t i s f a c t o r y  j
I
p r o g r e s s  a s  shown by i n c r e a s e  o f  w e i g h t ,  d i m i n u t i o n  j
|
o f  s p u tu m ,  a b s e n d e  o r  a b a t e m e n t  o f  t o x i c  symptoms,  
im p ro v e m e n t  o f  c o u g h ,  and e v i d e n c e  of  c e s s a t i o n  o f  
s p r e a d  o f  t h e  d i s e a s e  a s  shown by  c l i n i c a l  s i g n s  
and X - r a y  e x a m i n a t i o n s ,  t h e n  t h e  i d e a  o f  an  a r t i f ­
i c i a l  p n e u m o th o ra x  may f o r  t h e  t im e  b e i n g  b e  a b a n ­
d o n e d .  On t h e  o t h e r  h a n d ,  i f  t h e  symptoms a r e  I
s e v e r e  and  t h e  d i s e a s e  e x t e n s i v e  and s p r e a d i n g  i n  
one  l u n g ,  and i f  t h e  o t h e r  l u n g  a p p e a r s  a t  a l l
c a p a b l e  o f  c a r r y i n g  on t h e  r e s p i r a t o r y  f u n c t i o n ,  
t h e n  a r t i f i c i a l  p n e u m o th o ra x  s h o u ld  u s u a l l y  be 
j  a t t e m p t e d  a s  a  l a s t  r e s o r t *  Be tw een  t h e s e  e x t r e m e sj
| l i e  t h e  c a s e s  w h ich  r e q u i r e  t h e  most  c a r e f u l  e x e r c i s e
)
j  o f  c l i n i c a l  d e l i b e r a t i o n  and ju d g e m e n t  and  i t  i s  
j  i m p o s s i b l e  t o  l a y  down h a r d  and f a s t  r u l e s  i n  s e l e c t -  
; i o n  b e c a u s e  e a c h  i n d i v i d u a l  c a s e  i s  a  p ro b le m  i n  i t ­
s e l f .  G i v e n ,  h o w ev er ,  a c a s e  w i t h  d e f i n i t e  m o d e r a t e ­
l y  w i d e s p r e a d  i n f i l t r a t i o n  i n  one l u n g  and l i t t l e  or  
| no d i s e a s e  i n  t h e  o t h e r  l u n g ,  and w h ich  shows a f t e r
i
i  s e v e r a l  m o n t h s ,  n e i t h e r  p r o g r e s s i o n  n o r  r e t r o g r e s s -1 i
i o n  o f  t h e  d i s e a s e ,  t h e n  a r t i f i c i a l  p n e u m o th o ra x  i s  
i n d i c a t e d .  F u r t h e r ,  t h e  g i v e n  c a s e  would be s u i t ­
a b l e  f o r  t r e a t m e n t  i f  t h e  d i s e a s e  became o r  r e m a in e d  
s t a t i o n a r y  and t h e  symptoms s u b s i d e d  a f t e r  a  p e r i o d  
o f  a b s o l u t e  r e s t ,  b u t  r e c r u d e s c e n c e  o f  symptoms and 
s i g n s  t o o k  p l a c e  when t h e  p a t i e n t  u n d e r t o o k  g r a d ­
u a t e d  e x e r c i s e  or  w o rk .
I n d i c a t i o n s  and C o n t r a i n d i c a t i o n s .  F o r  t h e  
p u r p o s e s  of  t h e  p r e s e n t  d i s c u s s i o n ,  p u lm o n a ry  
t u b e r c u l o s i s  may be c l a s s i f i e d  a s  f o l l o w s : -
1 .  A cu te  P u lm o n a r y  T u b e r c u l o s i s .
( a )  A c u te  M i l i a r y  T u b e r c u l o s i s .
( b )  A c u t e  Pneumonic  T u b e r c u l o s i s .
( c )  A c u te  B ronchopneum on ic  T u b e r c u l o s i s .
2 .  C h r o n i c  P u lm o n a ry  T u b e r c u l o s i s .
5 .  F i b r o i d  T u b e r c u l o s i s .
T r e a t m e n t  by  a r t i f i c i a l  p n e u m o th o ra x  i s  u n s u i t -  |
j
a b l e  f o r  c a s e s  o f  a c u t e  m i l i a r y  t u b e r c u l o s i s  o f  t h e  | 
l u n g  owing t o  t h e  w i d e s p r e a d  n a t u r e  o f  t h e  d i s e a s e .
No i n d u c t i o n s  w ere  p e r fo r m e d  a t  H a r e f i e l d  i n  c a s e s
t
o f  a c u t e  pneumonic  o r  b ro n ch o p n e u m o n ic  t u b e r c u l o s i s  |
t
! c h i e f l y  b e c a u s e  e a r l y  d e a t h  n o r m a l l y  s u p e r v e n e d  i n
[
t h e  c a s e s  o f  t h e  v e r y  few  a d m i s s i o n s  o f  t h i s  t y p e .  j
O t h e r  w o r k e r s  r e p o r t  a  few  u n i l a t e r a l  c a s e s  o f  a c u t e  j
| p u l m o n a r y  t u b e r c u l o s i s  t r e a t e d  w i t h  good r e s u l t s ,  j  
; j
| b u t  i t  i s  g e n e r a l l y  a d m i t t e d  t h a t  w i t h  o r  w i t h o u t
j |
| t r e a t m e n t ,  t h e  o u t l o o k  i s  b a d .  !
| The m a j o r i t y  o f  t h e  c a s e s  t r e a t e d  by  a r t i f i c i a l
i
p n e u m o th o ra x  b e l o n g  t o  t h e  c h r o n i c  p u lm o n a ry  t u b e r -
i
| c u l o s i s  g r o u p .  The c l a s s i c a l  c a s e  f o r  t r e a t m e n t  
may be r e g a r d e d  a s  one of  d e f i n i t e l y  u n i l a t e r a l
| d i s e a s e .  I n f i l t r a t i o n ,  c a s e a t i o n  and c a v i t a t i o n
!
j c a n  be s u c c e s s f u l l y  d e a l t  w i t h  by  c o l l a p s e  o f  t h e  
d i s e a s e d  l u n g ,  and t h e  p r e s e n c e  o f  some f i b r o s i s  i s
a l l  t h e  more f a v o u r a b l e  i n  t h a t  t h e  u l t i m a t e  a im  
i s  t o  o b t a i n  e x t e n s i v e  f i b r o s i s  i n  t h e  c o l l a p s e d  
o r g a n .
So f a r  a s  t h e  c o n t r a l a t e r a l  l u n g  i s  c o n c e r n e d  
i n  most  c a s e s ,  h o w ev e r ,  d i s e a s e  s h o r t  o f  t h e  i n v o l ­
v e m e n t  o f  more t h a n  one t h i r d  of  t h a t  l u n g  i s  no 
c o n t r a i n d i c a t i o n  i f  t h e  d i s e a s e  a p p e a r s  t o  be n o n -  
p r o g r e s s i v e ,  and i n  t h i s  c o n n e c t i o n ,  i t  i s  n o t e ­
w o r t h y  t h a t  h e a l i n g  may t a k e  p l a c e  i n  a l e s s  a f f ­
e c t e d  l u n g  f o l l o w i n g  c o l l a p s e  o f  t h e  w o rse  l u n g .  
C a v i t a t i o n  i n  t h e  c o n t r a l a t e r a l  l u n g  i s  a  d e f i n i t e  
c o n t r a i n d i c a t i o n ,  u n l e s s  a  t h i c k  f i b r o u s  c a p s u l e  
h a s  fo rm e d  and f r e s h  i n f i l t r a t i o n  i s  d e f i n i t e l y
j
| a b s e n t .  The p r e s e n c e  o f  t o x a e m i a  i s  n o t  a  c o n t r a s -  
i n d i c a t i o n ,  a s  one o f  t h e  f i r s t  and most  s t r i k i n g  
r e s u l t s  o f  a  s u c c e s s f u l  c o l l a p s e  i s  a  f a l l  of  t h e  
t e m p e r a t u r e  t o  n o rm a l  and a  c e s s a t i o n  of  t a c h y c a r d ­
i a .  A r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  i n  e a r l y  
c h r o n i c  p u lm o n a ry  t u b e r c u l o s i s  i s  u s u a l l y  i n a d v i s a b ­
l e  b e c a u s e  i t  i s  p o s s i b l e  f o r  t h e  d i s e a s e  t o  be a r r ­
e s t e d  w i t h  or w i t h o u t  o t h e r  m ethods  and t h e r e  i s ,  
t o o ,  some s l i g h t  r i s k  i n  t h e  a c t u a l  o p e r a t i o n s  of  
i n d u c t i o n  and r e f i l l .  F u r t h e r ,  i t  i s  p o s s i b l e  t h a t
| a n  e a r l y  c a s e ,  o t h e r  m e thods  of  t r e a t m e n t  h a v i n g  
! f a i l e d ,  may r e a c h  a  s t a g e  when o p e r a t i v e  i n t e r f e r -  !
; e n c e  would  be of  d e f i n i t e  p r o m i s e .  I f  a n  a r t i f i c i a l  !
i ;
p n e u m o th o ra x  h a s  b e e n  p e r f o r m e d  t o o  e a r l y  and a b a n -  j
i !
I d o n e d ,  t h e  l u n g  w i l l  h a v e  ex p a n d e d  and a d h e s i o n s  i
! !
| may hav e  fo rm ed  b e t w e e n  t h e  two l a y e r s  o f  p l e u r a ,  j
• ii
i r e n d e r i n g ;  a r e - i n d u c t i o n  i m p o s s i b l e .  |
! ' I; . * i
j When t h e  d i s e a s e  i s  o f  t h e  c h r o n i c  l o b a r  t y p e  j
a s  o p p o s e d  t o  t h e  c h r o n i c  l o b u l a r  t y p e ,  t h e  whole  
1 !! I
| o r  g r e a t e r  p a r t  o f  a  l o b e  becomes a  c o n s o l i d a t e d
| mass  w i t h  l o s s  o f  i t s  n o rm a l  e l a s t i c  r e s i l i e n c y *
! I n  c o n s e q u e n c e ,  c o l l a p s e  i s  d i f f i c u l t  or  i m p o s s i b l e  
| i
! t o  o b t a i n ,  s o  t h a t  t h i s  t y p e  o f  c a s e  i s  u n s u i t a b l e
|
j f o r  t r e a t m e n t .
The d i s e a s e  i n  a l l  t h e  c a s e s  o f  c o l l a p s e  t h e r a p y  
was a p i c a l  i n  c h a r a c t e r .  B a s a l  d i s e a s e  was o c c ­
a s i o n a l l y  e n c o u n t e r e d ,  b u t  t h i s  was f o u n d  to  be
I
a s s o c i a t e d  w i t h  a p i c a l  i n f e c t i o n  o f  v a r i o u s  d e g r e e s  
o f  s e v e r i t y .
The b o r d e r - l i n e  b e tw e e n  t h e  f i b r o t i c  t y p e  o f  
c h r o n i c  p u lm o n a ry  t u b e r c u l o s i s  and  f i b r o i d  t u b e r ­
c u l o s i s  i s  v e r y  i n d e f i n i t e ,  i n  f a c t ,  t h e  f o r m e r  i s  
g e n e r a l l y  t h e  f o r e r u n n e r  o f  t h e  l a t t e r  and t h e
d i v i s i o n  b e t w e e n  t h e  two d i s e a s e s  i s  t h e  a r t i f i c i a l  j 
one o f  t e x t - b o o k  c l a s s i f i c a t i o n  r a t h e r  t h a n  a  c l i n -  I 
i c a l  r e a l i t y .  A w e l l - m a r k e d  c a s e  o f  f i b r o s i s  o f  
t h e  l u n g  i s  u s u a l l y  o f  s lo w  p r o g r e s s ,  and cough and 
d y s p n o e a  a r e  d i s t r e s s i n g  f e a t u r e s .  A r t i f i c i a l
p n e u m o th o ra x  may be a t t e m p t e d  i f  t h e  c o n t r a l a t e r a l  i
ij
l u n g  i s  i n  r e a s o n a b l y  good c o n d i t i o n  and i f  t h e  d y s -  j 
p n o e a ,  w h ich  i n  i t s e l f  i s  a  c o n t r a i n d i c a t i o n ,  i s  n o t  jii
t o o  s e v e r e .  E x t e n s i v e  a d h e s i o n s  a r e  f r e q u e n t l y  j
i
f o u n d  and may r e n d e r  e v e n  a  p a r t i a l  c o l l a p s e  im­
p o s s i b l e  and t h e  l u n g  may be s o  c o n t r a c t e d ,  w i t h  j
a s s o c i a t e d  t r a c t i o n  o f  t h e  m e d i a s t i n u m  t o  t h e  a f f -  j
i
e c t e d  s i d e ,  t h a t  f u r t h e r  c o n t r a c t i o n  o f  t h e  l u n g  may j  
be u n o b t a i n a b l e .  On t h e  w h o le ,  t h e r e f o r e ,  t h e  t r e a t - j  
ment i s  n o t  s u i t a b l e  f o r  f i b r o i d  t u b e r c u l o s i s ,  b u t  
b e n e f i t  may be r e a s o n a b l y  e x p e c t e d  i n  a  few  c a r e ­
f u l l y  s e l e c t e d  c a s e s .
C l i v e  R i v i e r e  ( 1 2 )  c i t e s  a  g ro u p  o f  a d u l t  c a s e s  
a n a l o g o u s  t o  t h e  h i l u m  t u b e r c u l o s i s  f o u n d  i n  c h i l d r e n .  
T hese  c a s e s  a r e  d e s c r i b e d  a s  h a v i n g  e x t e n s i v e  d i s e a s e  
on one s i d e ,  c a v i t a t i o n ,  i f  p r e s e n t ,  b e i n g  fo u n d  
c o m p a r a t i v e l y  low down i n  t h e  l u n g .  The c o n t r a ­
l a t e r a l  l u n g  i s  d e v o i d  o f  s t e t h o s c o p i c  s i g n s ,  and
t h e r e f o r e  i n  s u c h  c a s e s  a r t i f i c i a l  p n e u m o th o ra x  
w ould  a p p e a r  t o  he  o f  v a l u e .  On e x a m i n a t i o n  by- 
X - r a y s ,  h o w e v e r ,  he  f o u n d  w ha t  he t e r m s  d e f i n i t e  
p e r i - b r o n c h i a l  t u b e r c u l o s i s  o f  a  v e r y  c h r o n i c  t y p e .  
S h o u ld  t h i s  d i s e a s e  be a c t i v e ,  t h e  a p p a r e n t l y  s u i t ­
a b l e  c a s e  f o r  c o l l a p s e  t h e r a p y  becomes  d e f i n i t e l y  
u n s u i t a b l e ,  a l t h o u g h  i f  t h e  h i l u m  t u b e r c u l o s i s  i s  
q u i e s c e n t ,  he c o n s i d e r s  t h a t  i t  n ee d  b e  no b a r  t o  
a r t i f i c i a l  p n e u m o th o r a x  t r e a t m e n t .
R i v i e r e  d o e s  n o t  a p p e a r  t o  r e c e i v e  s u p p o r t  on 
t h i s  m a t t e r  f ro m  o t h e r  w r i t e r s ,  Hi lum t u b e r c u l o s i s  
i s  a  w e l l —r e c o g n i s e d  e n t i t y  i n  c h i l d r e n ,  b u t  t h i s  
g e n e r a l  r e c o g n i t i o n  h a s  n o t  b e e n  e x t e n d e d  t o  a d u l t  
c a s e s .  I t  may be  t h a t  t h e  p e r i b r o n c h i a l  f i b r o s i s ,  
p o s s i b l y  a  f o r e r u n n e r  o f  t u b e r c u l o s i s  i n  some c a s e s ,  
r e s u l t i n g  f r o m  b r o n c h i a l  a f f e c t i o n s  o t h e r  t h a n  t u b ­
e r c u l o s i s ,  may be d i a g n o s e d  on X—r a y  e x a m i n a t i o n  
a s  a  s o - c a l l e d  h i l u m  t u b e r c u l o s i s  o f  t h e  a d u l t .
A p a r t  f r o m  t h i s  h o w e v e r ,  X - r a y  d i a g n o s i s  o f  t u b e r ­
c u l o s i s  o f  t h e  l u n g  w i t h o u t  o t h e r  c l i n i c a l  e v i d e n c e  
i n  s u p p o r t ,  i s  g e n e r a l l y  s p e a k i n g  an  u n w is e  u s e  o f  
a n  e x c e l l e n t  c o n f i r m a t o r y  d i a g n o s t i c  a i d .
The i n d u c t i o n  o f  a r t i f i c i a l  p n e u m o th o ra x  i n  
j c a s e s  o f  h a e m o p t y s i s  h a s  a l r e a d y  b e e n  r e f e r r e d  t o  i n  
t h i s  s e c t i o n ,  i n  d e a l i n g  w i t h  t h e  e x c e p t i o n s  t o  t h e  
p r a c t i c e  o f  t r e a t i n g  p a t i e n t s  on o r d i n a r y  s a n a t o r i u m  
l i n e s  f o r  a  p e r i o d  o f  s e v e r a l  m onths  b e f o r e  c o n s i d ­
e r i n g  t h e  q u e s t i o n  o f  o p e r a t i v e  i n t e r f e r e n c e .  When 
r e c u r r e n t  h a e m o p t y s i s  or  l a r g e  p u lm o n a ry  h a e m o r rh a g e s  
h a v e  o c c u r r e d ,  and  o r d i n a r y  m e a s u re s  have  f a i l e d  t o  
c o n t r o l  t h e  l o s s  o f  b l o o d ,  t h e  i n d u c t i o n  of  a r t i f i c i a l  
p n e u m o th o r a x  may be o f  i n f i n i t e  v a l u e  i f  p e r f o r m e d  
i n  t i m e .  O c c a s i o n a l l y ,  a  r a p i d l y  s p r e a d i n g  b r o n c h o ­
p neu m o n ia  o c c u r s  a f t e r  a h a e m o p t y s i s  and when t h i s  
h a p p e n s  c o l l a p s e  t h e r a p y  i s  r a r e l y  h e l p f u l  i n  a v e r t ­
i n g  t h e  f a t a l  i s s u e .  N o rm a l ly ,  h o w ev er ,  when t h e  
t o t a l  l o s s  o f  b l o o d  w i t h i n  a  few d ay s  i s  more t h a n  
8 0 0  c u b i c  c e n t i m e t r e s ,  e i t h e r  a s  a  r e s u l t  o f  f r e ­
q u e n t  s m a l l  h a e m o p t y s i s  or  a  l a r g e  h aem o r rh ag e  f rom  
t h e  l u n g ,  i n d u c t i o n  s h o u l d  be  p e r f o r m e d .  A f t e r  a 
s u c c e s s f u l  i n d u c t i o n  w i t h  c e s s a t i o n  of  h a e m o p t y s i s ,  
t h e  p h y s i c i a n  m us t  c o n s i d e r  t h e  a d v i s a b i l i t y  of  
m a i n t a i n i n g  t h e  c o l l a p s e .  S h o u ld  t h e  c o n t r a l a t e r a l  
l u n g  be  c o m p e t e n t ,  t h e  c o l l a p s e  s h o u l d  be  m a i n t a i n e d ,  
b u t  when i t  i s  n o t  r e a s o n a b l y  f r e e  f ro m  d i s e a s e ,  t h e
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lung should be allowed to expand about a month 
after haemoptysis has ceased. The lung from which 
blood is issuing is frequently difficult to deter­
mine, but the knowledge of the presence of cavit­
ation in a lung, discovered previously by clinical 
and X-ray examination, is sometimes helpful, be­
cause a haemoptysis frequently results from the 
rupture of a vessel in the wall of a cavity. Where 
no cavitation is known to be present, other indic­
ations being absent, the more diseased lung should 
be collapsed, on the ground that the more disease 
there is present in a lung the more chance will 
there be of erosion of a vessel and consequent 
leakage. A very helpful and obvious sign of the 
approximate site of the haemoptysis which does 
not appear to have been mentioned though doubtless 
observed by other workers, is the bubbling sound 
caused by the presence of blood in the bronchioles. 
This sound is easily detected by stethoscopy and 
is occasionally heard by the observer standing by 
the bedside. A corresponding bubbling sensation 
is also usually felt and located by the patient 
himself. In desperate cases, it is wise to coll­
a p s e  a  l u n g  r a p i d l y  and i f  t h e  h a e m o p t y s i s  d o e s  n o t  
c e a s e ,  an d  i t  i s  t h o u g h t  t h a t  t h e  wrong l u n g  h a s  
b e e n  c o l l a p s e d ,  t h e  o t h e r  l u n g  may be c o l l a p s e d  
a b o u t  s i x t e e n  h o u r s  l a t e r ,  a s  by  t h e  end o f  t h a t  
t i m e  a  good d e a l  o f  t h e  a i r  o r i g i n a l l y  i n s e r t e d  w i l l  
h av e  b e e n  a b s o r b e d  by  t h e  p l e u r a *  A l t e r n a t i v e l y ,  
t h e  a i r  o r i g i n a l l y  i n t r o d u c e d  may be  a s p i r a t e d  a s  
s o o n  a s  i t  i s  r e a l i s e d  t h a t  t h e  f i f t y  p e r  c e n t  c h an ce  
h a s  f a i l e d ,  and a  c o l l a p s e  may t h e n  be p r o d u c e d  i n  
t h e  o t h e r  l u n g .
From o b s e r v a t i o n  o f  t h e  H a r e f i e l d  c a s e s ,  t h e  
p r e s e n c e  o f  t u b e r c u l o s i s  i n  s i t u a t i o n s  o t h e r  t h a n  i n  
t h e  l u n g ,  w i t h  one e x c e p t i o n ,  i s  n o t  r e g a r d e d  a s  a  
c o n t r a i n d i c a t i o n .  The e x c e p t i o n  i s  t h e  p r e s e n c e  of  
i n t e s t i n a l  t u b e r c u l o s i s  i n  a n y  marked d e g r e e .  T h i s  
c o m p l i c a t i o n  i s  u s u a l l y  a s s o c i a t e d  w i t h  p o o r  g e n e r a l  
c o n d i t i o n  and power  of  r e s i s t a n c e  and a r t i f i c i a l  
p n e u m o th o ra x  i s  r a r e l y  o f  v a l u e .  L a r y n g e a l  t u b e r ­
c u l o s i s  was f o u n d  t o  be much r e l i e v e d  and i n  s e v e r a l  
c a s e s  c o m p l e t e  h e a l i n g  of  t h e  l o c a l  c o n d i t i o n  was 
o b s e r v e d ,  f o l l o w i n g  s u c c e s s f u l  c o l l a p s e  o f  t h e  
d i s e a s e d  l u n g .
Emphysema o f  t h e  l u n g s  and t h e  a s s o c i a t e d  d y s -
p n o e a  i s  a  c o n t r a i n d i c a t i o n ,  b e c a u s e  c o l l a p s e  
t h e r a p y  h a s  t h e  e f f e c t  o f  r e d u c i n g  s t i l l  f u r t h e r  
t h e  a v a i l a b l e  r e s p i r a t o r y  s u r f a c e ,  w i t h  c o n s e q u e n t  
a g g r a v a t i o n  o f  d y s p n o e a  t o  a  d i s t r e s s i n g  and d a n g e r  
ous  e x t e n t *  A r t i f i c i a l  p n e u m o th o ra x  i s  a l s o  i n ­
a d v i s a b l e  i n  c a s e s  o f  t r u e  a s th m a  and of  c h r o n i c  
i n t e r s t i t i a l  n e p h r i t i s  w i t h  a s s o c i a t e d  d y s p n o e a  
and h i g h  b l o o d  p r e s s u r e .  P u lm o n a ry  t u b e r c u l o s i s  
i s  a  f r e q u e n t  c o n c o m i t a n t  o f  d i a b e t e s  and p r e v i o u s  
t o  t h e  i n t r o d u c t i o n  o f  i n s u l i n ,  c o l l a p s e  t h e r a p y  
was r e g a r d e d  a s  d e f i n i t e l y  c o n t r a i n d i c a t e d .  Now, 
h o w e v e r ,  w i t h  i n s u l i n  r e a d i l y  a v a i l a b l e  and w i t h  
f a c i l i t i e s  f o r  t h e  c o n t r o l  o f  i t s  a d m i n i s t r a t i o n ,  
a r t i f i c i a l  p n e u m o th o ra x  i s  w o r t h y  o f  t r i a l ,  t h o u g h  
t h e  c o n c u r r e n t  t r e a t m e n t s  a r e  n e c e s s a r i l y  i rk s o m e  
t o  t h e  p a t i e n t  an d  a r d u o u s  f o r  t h e  p h y s i c i a n .  
V a l v u l a r  d i s e a s e  o f  t h e  h e a r t  u n l e s s  f u l l y  compen­
s a t e d  i s  a  c o n t r a i n d i c a t i o n  a s  a l s o  i s  d e g e n e r a t i v e  
m y o c a r d i t i s .
A c u te  i n f e c t i o u s  d i s e a s e s  a r e  o b v io u s  c o n t r a ­
i n d i c a t i o n s  and o p e r a t i v e  i n t e r f e r e n c e  i n  p a t i e n t s  
o v e r  s i x t y  y e a r s  o f  age  must  be r e g a r d e d  a s  an  
u n n e c e s s a r y  b u r d e n  t o  t h e s e  u s u a l l y  v e r y  c h r o n i c  
p a t i e n t s ,  who h a v e  a n  e x c e l l e n t  ch an ce  o f  r e a c h i n g  
t h e i r  a l l o t t e d  s p a n  i n  s p i t e  o f  t h e i r  d i s e a s e .
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P a t i e n t s  o f  a  h i g h l y  n e u r o t i c  t e n d e n c y  a r e  n o t  s u i t ­
a b l e  c a s e s  f o r  t h i s  f o r m  o f  t r e a t m e n t .
The a p p l i c a b i l i t y  o f  p a r t i a l  c o l l a p s e  i n  t h e  
t r e a t m e n t  o f  p u l m o n a r y  t u b e r c u l o s i s  h a s  b e e n  ad ­
v o c a t e d  b y  P a r r y  Morgan ( 1 7 ) .  He a s s e r t s  t h a t  p a r ­
t i a l  c o l l a p s e  w i l l  p r o d u c e  t h e  a d v a n t a g e s  c l a im e d  
f o r  c o m p l e t e  c o l l a p s e ,  w i t h  t h e  a d d i t i o n a l  a d v a n ta g e  
t h a t  r e s p i r a t i o n  w i l l  n o t  be m a t e r i a l l y  i n t e r f e r e d  
w i t h ,  s o  t h a t  b i l a t e r a l  p n e u m o th o ra x  may be p e r f o r m e d .  
A n a t o m i c a l l y  and m e c h a n i c a l l y ,  he p r o v e s  t h a t  a l o n g  
any  r a d i a l  a x i s  i n  t h e  l u n g  c o n t a i n i n g  a  t u b e r c u l o u s  
f o c u s ,  t h e  e l a s t i c  t e n s i o n  w i l l  be g r e a t e r  t h a n  a -  
l o n g  a n  u n a f f e c t e d  a x i s .  T h i s  i n c r e a s e d  t e n s i o n  i s  
s a i d  t o  h a v e  t h e  e f f e c t  o f  p r o d u c i n g  a  s t r e t c h i n g  
of  t h e  f o c u s  a l o n g  t h e  a x i s  and c o n t r a c t i o n  i n  a 
t r a n s v e r s e  d i r e c t i o n ,  and  h i s  c o n c l u s i o n  i s  t h a t  t h e  
a l t e r n a t e  c o n t r a c t i o n  and r e l a x a t i o n  of  t h e  t u b e r ­
c u l o u s  f o c u s  w i l l  c a u s e  a  wide d i s t r i b u t i o n  o f  t o x i n s  
and e v e n  o f  t u b e r c l e  b a c i l l i .  By i n s e r t i n g  a  q u a n t i t y  
o f  g a s  s m a l l e r  t h a n  t h a t  r e q u i r e d  f o r  a  c o m p le te  
c o l l a p s e ,  he m a i n t a i n s  t h a t  t h e  gas  w i l l  s e t t l e  over  
t h e  a r e a  o f  i n c r e a s e d  t e n s i o n ,  b r i n g i n g  t h a t  t e n s i o n  
i n t o  l i n e  w i t h  t h e  g e n e r a l  t e n s i o n  o f  t h e  l u n g  and 
s o  a b o l i s h i n g  t h e  d e l e t e r i o u s  pumping a c t i o n .
I t  i s  n o t e d  t h a t  F a r r y  Morgan d o e s  n o t  c l a i m  
t h a t  p a r t i a l  c o l l a p s e  i s  a n y  im p ro v em en t  on c o m p le te  
c o l l a p s e  e x c e p t  t h a t  p a r t i a l  c o l l a p s e  makes b i l a t e r a l  
p n e u m o t h o r a x  p o s s i b l e ,  and e v e n  t h i s  f a c t  c a n  s c a r c e ­
l y  be  u s e d  a s  an  a r g u m e n t  i n  f a v o u r  of  p a r t i a l  c o l l ­
a p s e ,  s i n c e  i t  i s  o b v i o u s  t h a t  no one would con tem p­
l a t e  c o m p l e t e  c o l l a p s e  b i l a t e r a l l y .  W i th  r e g a r d  t o  
t h e  pum ping  o f  t h e  t o x i n s  and b a c i l l i  f ro m  a  f o c u s  
a s  a  r e s u l t  o f  t h e  i n c r e a s e d  e l a s t i c  t e n s i o n ,  t h e r e  
i s  no p r o o f  t h a t  t h e  i n c r e a s e  o f  t e n s i o n  w i l l  be 
s u f f i c i e n t  t o  overcom e t h e  r e s i s t a n c e  of  t h e  t u b e r ­
c u l o u s  f o c u s  t o  d e f o r m i t y .  The p o s s i b l e  r i g i d i t y  
o f  t h e  t u b e r c u l o u s  f o c u s  may be  v e r y  s l i g h t ,  b u t  
t h e  i n c r e a s e  o f  t e n s i o n  r e l a t i v e  t o  t h e  g e n e r a l  n o r ­
mal e l a s t i c  t e n s i o n  o f  t h e  l u n g  must  a l s o  be v e r y  
s l i g h t .  F a r r y  M o rg a n ’s  s t a t e m e n t  i n  t h i s  r e s p e c t ,  
must  t h e r e f o r e  be  r e g a r d e d  a s  a n  i n t e r e s t i n g  t h e o r y
r a t h e r  t h a n  a  p r o v e n  f a c t .
W i th  r e g a r d  t o  t h e  g e n e r a l  a s p e c t  o f  d e l i b e r a t e  
p a r t i a l  o r  s e l e c t i v e  c o l l a p s e ,  i t  i s  a f a c t  t h a t  a  
l a r g e  number o f  t h e  c a s e s  of  t h e r a p e u t i c  c o l l a p s e ,  
a s  a  r e s u l t  o f  t h e  p r e s e n c e  o f  a d h e s i o n s ,  a r e  c a s e s  
o f  p a r t i a l  c o l l a p s e  o n l y .  I n  t h e  H a r e f i e l d  s e r i e s ,
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t h o u g h  t h e  a im  was c o m p l e t e  c o l l a p s e ,  4(% o f  t h e  
c a s e s  h ad  o n l y  p a r t i a l  c o l l a p s e  and t h e s e  were  main­
t a i n e d  when p o s s i b l e  w i t h  a  f a i r  d e g r e e  o f  u l t i m a t e  
b e n e f i t .  F u r t h e r ,  t h e  more c o m p l e t e  t h e  c o l l a p s e  
of  t h e  l u n g ,  t h e  g r e a t e r  i s  t h e  d i s t a n c e  b e tw e e n  t h e  
p l e u r a l  s u r f a c e s  and t h e  s m a l l e r  i s  t h e  c h an c e  o f  
t h e i r  t o u c h i n g  as  a b s o r p t i o n  o f  a i r  t a k e s  p l a c e .
When p a r t i a l  c o l l a p s e  i s .  t h e  a im ,  d i m p l i n g  o f  th e  
l u n g  i n  t h e  r e g i o n  o f  t h e  l e s i o n  w i l l  p r o b a b l y  t a k e  
p l a c e  b u t  t h e  p l e u r a l  s u r f a c e s  i n  t h e  h e a l t h i e r  
a r e a s  w i l l  no  d o u b t  m ee t  a t  some t im e  o r  o t h e r  d u r in g  
t h e  m a i n t e n a n c e  of  t h e  c o l l a p s e ,  more e s p e c i a l l y  t o ­
w ards  t h e  e n d  o f  a  p e r i o d  b e tw e e n  r e f i l l s .  The meet­
i n g  of  t h e  p l e u r a l  s u r f a c e s  may r e s u l t  i n  an  a d h e s io n  
w h ich  may g r a d u a l l y  e n l a r g e  and u l t i m a t e l y  i n v o l v e  
t h e  w ho le  o f  t h e  p l e u r a l  s u r f a c e s  w i t h  c o n s e q u e n t  
t e r m i n a t i o n  o f  t h e  p n e u m o th o ra x .  T h i s  g r a d u a l  
s p r e a d  o f  a d h e s i o n s  i s  f r e q u e n t l y  t h e  s p o n ta n e o u s  
and  f a v o u r a b l e  t e r m i n a t i o n  o f  a  c o l l a p s e  of  t h e  
c o m p l e t e  t y p e  o f  s e v e r a l  y e a r s  d u r a t i o n .  O b v io u s ly ,  
i f  t h e  c o l l a p s e  i s  p a r t i a l ,  t h i s  p r o c e s s  w i l l  t e n d  
t o  o c c u r  e a r l i e r  t h a n  i n  a  c o m p l e t e  c o l l a p s e f  and a 
p r e m a t u r e  aban d o n m en t  o f  t h e  t r e a t m e n t  may be n e c e s s
i t a t e d .  The c o n c l u s i o n ,  t h e r e f o r e ,  i s  t h a t  i n  
a r t i f i c i a l  p n e u m o th o ra x ,  t h e  a im  s h o u l d  be  c o m p le t e  
c o l l a p s e  and i f  p a r t i a l  c o l l a p s e  o n l y  i s  o b t a i n a b l e ,  
good r e s u l t s  may s t i l l  be  o b t a i n e d .
The u s e  o f  X - r a y s  h a s  b e e n  r e f e r r e d  t o  s e v e r a l  
t i m e s  i n  d i s c u s s i n g  t h e  s e l e c t i o n  o f  c a s e s ,  b u t  t h e  
f u l l  c o n s i d e r a t i o n  o f  t h e  v a l u e  o f  r a d i o l o g y  b e ­
f o r e ,  d u r i n g  and a f t e r  a r t i f i c i a l  p n e u m o th o ra x  w i l l  
be  d e a l t  w i t h  i n  a  l a t e r  s e c t i o n .
The s e l e c t i o n  o f  c a s e s  f o r  o p e r a t i v e  t r e a t m e n t  
a t  H a r e f i e l d  was c a r r i e d  o u t  on t h e  l i n e s  a l r e a d y  
d i s c u s s e d ,  and s t a t i s t i c s  i n  c o n n e c t i o n  w i t h  t h e s e  
c a s e s  a r e  w o r t h y  of  c o n s i d e r a t i o n .
i l g e - g r o u p i n g  ( T a b l e  1 )  d e m o n s t r a t e s  t h a t  88 
p e r  c e n t  of t h e  c a s e s  i n d u c e d  were b e tw e e n  t h e  a g es  
o f  15 and 35 y e a r s  and t h a t  o n l y  Z% were  o v e r  40 
y e a r s  o f  age*  The y o u n g e s t  and o l d e s t  c a s e s  were 
15 and 54 y e a r s  of  age  r e s p e c t i v e l y .  The p re p o n d ­
e r a n c e  o f  c a s e s  am ongst  c o m p a r a t i v e l y  y oung  p a t i e n t s  
i s  a s  i t  s h o u l d  b e ,  b e c a u s e ,  a s  H i p p o c r a t e s  o b s e r v e d  
f a t a l  t u b e r c u l o s i s  i s  more common b e t w e e n  t h e  e i g h t ­
e e n t h  and t h i r t y - f i f t h  y e a r .
I A G E .  WQHBN.
i
15 — 20  19
21 — 25 23
26 -  30 8
| 3 1 - 3 5  3
36 -  4 0  5
41 -  45  
46 -  50
51 -  55 1
I n  T a b le  2,  i t  i s  n o t e d  t h a t  i n  76  p e r  c e n t  of  
| t h e  c a s e s  e v e n t u a l l y  i n d u c e d ,  t h e  o n s e t  o f  t h e  d i s -  
j e a s e  was i n s i d i o u s ,  t h e  e a r l y  symptoms b e i n g  m a l a i s e ,  
| p r o g r e s s i v e  l o s s  of  w e i g h t  a n d  s l i g h t  r i s e  o f  t e m p -  
j e r a t u r e  i n  t h e  e v e n i n g .  13 p e r  c e n t  o f  t h e  c a s e s  
i  commenced w i t h  marked h a e m o p t y s i s  and i n  11 p e r  c e n t  
I t h e  d e v e l o p m e n t  o f  p l e u r i s y  w i t h  e f f u s i o n  was t h e  
f i r s t  i n d i c a t i o n  of  t h e  p r e s e n c e  of  t h e  d i s e a s e .  The 
a v e r a g e  e s t i m a t e d  d u r a t i o n  o f  d i s e a s e  b e f o r e  i n d u c ­
t i o n  was 2 . 2 5  y e a r s .
Mm. ' TT0TAL.
3 4  333
"7 330
1X0 118
44 7
44 9
1 1
1 1
-  1
T A B L E  2 .
WOMEN MEN TOTAL
INSIDIOUS
ONSET. 46 50 76
ONSET WITH 
MARKED 
HAEMOPTYSIS
7 6 15
ONSET WITH 
PLEURISY 
WITH 
EFFUSION.
6 5 11
T a b l e  5 shows t h e  c l a s s i f i c a t i o n  o f  t h e  c a s e s
a c c o r d i n g  t o  t h e  p r i m a r y  r e a s o n  f o r  i n d u c t i o n .  55 
p e r  c e n t  showed u n s a t i s f a c t o r y  o r  c o m p l e t e  l a c k  of  
r e s p o n s e  t o  o r d i n a r y  t r e a t m e n t ,  14 p e r  c e n t  had 
s e v e r e  h a e m o p t y s i s  and t h e  r e m a i n i n g  55 p e r  c e n t  
w ere  t r e a t e d  by  a r t i f i c i a l  p n eu m o th o ra x  a s  a  l a s t  
r e s o r t » I t  i s  w o r th y  o f  m e n t i o n  t h a t  o n l y  5 of  t h e  
l S  c a s e s  w i t h  o n s e t  o f  s e v e r e  h a e m o p t y s i s  were  l a t e r  
c o l l a p s e d  b e c a u s e  o f  s e v e r e  h a e m o p t y s i s .  8 o f  t h e  
i n s i d i o u s  c a s e s  and 5 o f  t h e  c a s e s  w h ic h  commenced 
w i t h  p l e u r i s y  w i t h  e f f u s i o n  were  s o  t r e a t e d .
- 5 5 -
T A B L E  3
REASON
FOR WOMEN. MEN. TOTAL,
INDUCTION.
RESPONSE
TO ORDINARY 33 20  53
TREATMENT 
SLIGHT OR NIL.
SEVERE
HAEMOPTYSIS. 7 7 14
PROGNOSIS
BAD WITHOUT 19 14 33
A. P .
I n  T a b l e  4 ,  t h e  c a s e s  a r e  d i v i d e d  a c c o r d i n g  
t o  t h e  s i d e  t r e a t e d  by  a r t i f i c i a l  p n eu m o th o ra x  
and f u r t h e r  s u b - d i v i d e d  a c c o r d i n g  t o  t h e  p r e s e n c e  
o r  a b s e n c e  o f  d i s e a s e  i n  t h e  o t h e r  l u n g  b e f o r e  
i n d u c t i o n .  41 p e r  c e n t  o f  t h e  c a s e s  were  i n d u c e d  
on t h e  r i g h t  s i d e  and 62 p e r  c e n t  o f  a l l  c a s e s  
had  u n i l a t e r a l  d i s e a s e  b e f o r e  i n d u c t i o n .  The 
p r e p o n d e r a n c e  o f  l e f t - s i d e d  i n d u c t i o n s  i l l u s t r a t e s  
t h e  w i d e l y - o b s e r v e d  phenomenon t h a t  marked  w id e ­
s p r e a d  d i s e a s e  i s  commoner i n  t h e  l e f t  l u n g  t h a n  
i n  t h e  r i g h t .
RIGHT-SIDED 
A. P .  CASES.
LEFT—SIDED 
A. P .  CASES.
- 5 6 -
T A B L E  4 .
WITH
BILATERAL
DISEASE.
WITH
UNILATERAL TOTAL. 
DISEASE.
16 25 41
22 37 59
TOTAL. 38 62 100
- 5 7 -
THE TECHNIQUE OF ARTIFICIAL PNEUMOTHORAX.
The a p p a r a t u s  u s e d  a t  H a r e f i e l d  i s  t h a t  d e v i s e d  
by  L i l l i n g s t o n  and  P e a r s o n  ( D ia g ra m  C ) .  I t  c o n s i s t s  
o f  two g l a s s  b o t t l e s  c l o s e d  by  means of  r u b b e r  s t o p ­
p e r s .  One b o t t l e  A, i s  g r a d u a t e d  i n  t e r m s  o f  c u b i c  
c e n t i m e t r e s  and  a c t s  a s  an  a i r  r e s e r v o i r ,  and t h e  
o t h e r  b o t t l e  B, a c t s  a s  a  f l u i d  r e s e r v o i r ,  t h e  f l u i d  
b e i n g  1-SOO c a r b o l i c  a c i d  s o l u t i o n  c o l o u r e d  by  t h e  
a d d i t i o n  o f  a  s m a l l  amount  o f  m e t h y l e n e  b l u e .  Long 
g l a s s  t u b e s  C and D, p i e r c e  t h e  s t o p p e r s  and r e a c h  
t o  w i t h i n  one c e n t i m e t r e  o f  t h e  b o t t o m  of  t h e  b o t t l e s ,  
and t h e s e  g l a s s  t u b e s  a r e  c o n n e c t e d  by  means o f  a  
l e n g t h  o f  r u b b e r  t u b i n g  E .  The combined  g l a s s  and 
r u b b e r  t u b i n g  when f i l l e d  w i t h  f l u i d  f o rm s  a  s y p h o n  
by  means o f  w h ich  t h e  f l u i d  c a n  be made t o  f l o w  f ro m  
t h e  w a t e r  r e s e r v o i r  i n t o  t h e  a i r  r e s e r v o i r ,  and t h i s  
f l o w  i s  c o n t r o l l a b l e  by  v a r y i n g  t h e  r e l a t i v e  h e i g h t s  
o f  t h e  b o t t l e s  and a l s o  by  a  c l i p  F ,  a t t a c h e d  t o  t h e  
r u b b e r  t u b i n g  E .  As f l u i d  f l o w s  i n t o  b o t t l e  A, a i r  
i s  d i s p l a c e d  t h r o u g h  a  s h o r t  g l a s s  t u b e  H t o  w h ich  
i s  c o n n e c t e d  a  r u b b e r  t u b e  J , l e a d i n g  t o  t h e  pneumo­
t h o r a x  n e e d l e  K. The amount  o f  a i r  w h ich  p a s s e s  
t h r o u g h  t h e  n e e d l e  i s  t h e  amount o f  a i r  d i s p l a c e d
T I F I C J A L  ~PNFU FI O T  H O'RAX /\~PT*A~R A T  U 3
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f r o m  t h e  a i r  r e s e r v o i r  and  t h i s  i s  m e a s u re d  b y  t h e  
amount o f  d i s p l a c i n g  f l u i d  w h ich  h a s  f lo w e d  i n t o  
b o t t l e  A, a s  r e g i s t e r e d  by t h e  g r a d u a t i o n s  t h e r e o n .  
The t u b e  J  h a s  f o u r  i n t e r r u p t i o n s .  F i r s t ,  a  c l i p  
I*, i s  a t t a c h e d  t o  t h e  t u b e  n e a r  t h e  a i r  r e s e r v o i r  
b y  means o f  w h ic h  t h e  f l o w  o f  a i r  a l o n g  t h e  tu b e  
c a n  be d i m i n i s h e d  or  s t o p p e d .  S e c o n d l y  a  g l a s s  
T - p i e c e  T,  i s  i n s e r t e d  i n  t h e  t u b e  by means of  
w h ic h  a b r a n c h  r u b b e r  t u b e  i s  l e d  t o  a  U- t u b e  U, 
h a l f - f i l l e d  w i t h  c o l o u r e d  w a t e r  and g r a d u a t e d  t o  
f o r m  a  w a t e r  m anometer  m e a s u r in g  p r e s s u r e  i n  c e n t ­
i m e t r e s  o f  w a t e r .  At t h e  t o p  o f  t h e  c l o s e d  l im b  
o f  t h e  m anom ete r ,  t h e r e  i s  a b u l b o u s  e n l a r g e m e n t  
M, w h ich  a s s i s t s  i n  p r e v e n t i n g  t h e  a s p i r a t i o n  of  
t h e  f l u i d  f ro m  t h e  manometer  i n  t h e  e v e n t  o f  a  
h i g h  n e g a t i v e  p r e s s u r e  d e v e l o p i n g  s u d d e n l y  i n  t h e  
r u b b e r  t u b i n g  s y s t e m .  T h i r d l y ,  a g l a s s  b u lb  GL, 
p a c k e d  w i t h  s t e r i l i s e d  c o t t o n  w o o l ,  i s  i n t e r p o s e d  
i n  t u b e  J ,  i n  o r d e r  t o  f i l t e r  t h e  a i r  which  p a s s e s  
t o  t h e  n e e d l e .  F o u r t h l y ,  a  s h o r t  s t r a i g h t  p i e c e  
o f  g l a s s  t u b i n g  i s  i n s e r t e d  i n  t u b e  J . T h i s  a c t s  
a s  a  window t h r o u g h  w h ich  t h e  o p e r a t o r  c a n  o b s e rv e  
a n y  b lo o d  o r  s e r o u s  f l u i d  w hich  may have  p a s s e d
t h r o u g h  t h e  n e e d l e  u n d e r  p r e s s u r e  i n t o  t u b e  J .
The n e e d l e  u s e d  i s  t h e  Saugman n e e d l e  (D iag ram  
D) o f  1 . 8  m i l l i m e t r e  b o r e .  T h i s  n e e d l e  c o n s i s t s  
o f  t h r e e  s e p a r a t e  p o r t i o n s ,  n am e ly ,  t h e  n e e d l e  
p r o p e r  J ,  a  t h r e e - w a y  c o n n e c t i o n  H, and a  s t i l e t t e  
G. The n e e d l e  J  h a s  a n  o b l i q u e  p o i n t  F ,  and n e a r
t h e  p o i n t  t h e r e  i s  a  s m a l l  h o l e  E.  The j o i n t  |
-  ‘  j
b e t w e e n  n e e d l e  J  and  c o n n e c t i o n  H i s  made a i r ­
t i g h t  b y  means o f  a s m a l l  l e a t h e r  w a s h e r  D. The 
lum en o f  t h e  c o n n e c t i o n  b e tw e e n  B and  D c a n  be 
c l o s e d  b y  means o f  a t a p  A. When u s e d  f o r  an  
i n d u c t i o n  o r  a r e f i l l  o p e r a t i o n ,  a  r u b b e r  t u b e  
l e a d i n g  t o  t h e  a i r  r e s e r v o i r  i s  c o n n e c t e d  t o  C 
and t h e  t a p  A i s  c l o s e d .  S h o u ld  t h e  n e e d l e  become 
b l o c k e d  i t  may be c l e a r e d  by i n s e r t i n g  t h e  end of  
t h e  s t i l e t t e  i n t o  t h e  i n l e t  B, o p e n in g  t a p  A and 
p a s s i n g  t h e  s t i l e t t e  t h r o u g h  t h e  n e e d l e  t o  p o i n t
F .  The o p e n i n g  E i s  u s e f u l  i n  t h a t  t h e  lumen of
t h e  n e e d l e  i s  s t i l l  c o n n e c t e d  t o  t h e  p l e u r a l  c a v i t y ,  
i n  t h e  e v e n t  o f  t h e  p o i n t  o f  th e  n e e d l e  becom ing  
b l o c k e d .
Most w o r k e r s  a p p e a r  t o  u s e  t h e  R i v i e r e  t r o c a r  | 
and c a n n u l a  f o r  i n d u c t i o n s  and t h e  Saugman n e e d l e
f o r  r e f i l l s .  T h i s  was t h e  p r o c e d u r e  a t  H a r e f i e l d  
f o r  t h e  e a r l i e r  c a s e s ,  b u t  f o r  t h e  l a t e r  c a s e s ,  t h e  
Saugman n e e d l e  was u s e d  b o t h  f o r  i n d u c t i o n  and r e -  j 
f i l l s .  The R i v i e r e  t r o c a r  i s ,  o f  n e c e s s i t y ,  b l u n t e r  
t h a n  t h e  Saugman n e e d l e ,  and i n  d e a l i n g  w i t h  a  t o u g h  
s k i n  and a  t h i n  c h e s t  w a l l  t h e r e  i s  a  d a n g e r ,  t h e  
s k i n  h a v i n g  b e e n  p i e r c e d  a f t e r  a  r e l a t i v e l y  g r e a t  
a p p l i c a t i o n  of  p r e s s u r e ,  o f  t h e  t r o c a r  t r a v e l l i n g  
w i t h  c o n s i d e r a b l e  momentum t h r o u g h  b o t h  l a y e r s  of 
p l e u r a  and c a u s i n g  damage t o  t h e  l u n g  t i s s u e .  I t  i s  
t r u e  t h a t  t h e  i n s t r u m e n t  i s  f i t t e d  w i t h  a g u a rd  t o  
p r e v e n t  t h i s  a c c i d e n t ,  b u t  i t  i s  d i f f i c u l t  t o  e s ­
t i m a t e  t h e  t h i c k n e s s  of  a  c h e s t  w a l l  s u f f i c i e n t l y  
a c c u r a t e l y  t o  s e t  t h e  g u a r d  s a f e l y .  F u r t h e r ,  t h e  
g u a r d  b e i n g  m ovab le  may i t s e l f  be moved by a n  a c c i d ­
e n t a l  s u d d e n  e n t r y  o f  t h e  t r o c a r  and  c a n n u l a .  The 
Saugman n e e d l e ,  on t h e  o t h e r  h a n d ,  b e i n g  v e r y  s h a r p  
i s  t h r u s t  t h r o u g h  t h e  s k i n  and c h e s t  w a l l  u n d e r  p e r ­
f e c t  c o n t r o l ,  t h e  s e n s a t i o n  o f  t h e  a c t u a l  p u n c t u r e  
o f  p a r i e t a l  p l e u r a  i s  f e l t  by t h e  o p e r a t o r  and th e  
n e e d l e  i s  s a f e l y  t h r u s t  i n t o  t h e  p l e u r a l  c a v i t y .
I t  may be  a r g u e d  t h a t  t h e  Saugman n e e d l e  b e i n g  
s h a r p e r  t h a n  t h e  R i v i e r e  c a n n u l a  w i l l  more r e a d i l y
i n j u r e  t h e  l u n g  and v i s c e r a l  p l e u r a  when i t  comes 
i n  c o n t a c t  w i t h  t h e s e  t i s s u e s ,  a s  i t  must  o c c a s i o n ­
a l l y  d o .  I n  t h e  c a d a v e r ,  i f  one s l o w l y  and progress- j -
i v e l y  p u s h e s  a  Saugman n e e d l e  a g a i n s t  a  s e r o u s  mem- j
i
b r a n e  s u c h  a s  p l e u r a ,  i t  i s  fo und  t h a t  v e r y  d e f i n i t e  j 
r e s i s t a n c e  t o  t h e  e n t r y  o f  t h e  n e e d l e  i s  f e l t ,  b e f o r b  
a c t u a l  p u n c t u r e  o f  t h e  membrane t a k e s  p l a c e .  S i m i l ­
a r l y ,  when one i s  p r a c t i s e d  i n  a c u p u n c t u r e ,  t h e  r e ­
s i s t a n c e  o f  t h e  v i s c e r a l  p l e u r a  c a n  be f e l t  when t h i s  
membrane i s  t o u c h e d  d u r i n g  an  i n d u c t i o n ,  and t h e  
o p e r a t o r  i s  w a rned  t o  p e n e t r a t e  no f u r t h e r .  S l i g h t  j 
i n j u r y  t o  t h e  v i s c e r a l  p l e u r a  s h o r t  o f  a c t u a l  pun­
c t u r e  may be d o n e ,  b u t  t h i s  i s  t r i v i a l  i n  c o m p a r i s o n  
t o  t h e  r e l a t i v e l y  g r e a t  i n j u r y  c a u s e d  t o  t h e  p a r i e t a l  
p l e u r a  by  p u n c t u r e  a t  i n d u c t i o n  and a t  e a c h  s u b s e ­
q u e n t  r e f i l l ,  w i t h  a p p a r e n t l y  no p e rm an e n t  damage.
W i th  t h e  p o i n t  o f  t h e  n e e d l e  K i n  t h e  p l e u r a l  
c a v i t y  and  c l i p  L c l o s e d  (D iag ram  C ) ,  t h e  p l e u r a l  
c a v i t y  i s  d i s c o n n e c t e d  f r o m  b o t t l e  A, b u t  i s  conn­
e c t e d  w i t h  m anometer  U. As a l r e a d y  shown,  t h e  
p r e s s u r e  i n  t h e  p l e u r a l  c a v i t y  v a r i e s  w i t h  e ac h  
r e s p i r a t i o n  and t h i s  v a r i a t i o n  i s  shown and m easu red  
I n  c e n t i m e t r e s  o f  w a t e r  by  th e  o s c i l l a t i o n  o f  t h e
co lu m n  o f  w a t e r  i n  manom eter  U. I f  t h e  l e v e l  of  
t h e  w a t e r  i n  b o t t l e  B i s  made h i g h e r  t h a n  t h a t  i n  
b o t t l e  A, e i t h e r  by t h e  p r e s e n c e  o f  e x c e s s  o f  w a t e r  
i n  b o t t l e  B o r  by r a i s i n g  b o t t l e  B by  means o f  wooden 
b l o c k s ,  and i f  c l i p s  F and L a r e  open ,  w a t e r  w i l l  
f l o w  f r o m  b o t t l e  B i n t o  b o t t l e  A and a i r  w i l l  f l o w  
f ro m  b o t t l e  A' t o  n e e d l e  K. The manometer  U w i l l  
now r e g i s t e r  t h e  v a r i a t i o n s  o f  t h e  p r e s s u r e  i n  t h e  
p l e u r a l  c a v i t y  a s  m o d i f i e d  by t h e  p r e s s u r e  o f  t h e  
a i r  i n  b o t t l e  A. At an y  t i m e ,  by  c l i p p i n g  t u b e  J  
a t  L ,  t h e  t r u e  p l e u r a l  p r e s s u r e  c a n  be r e a d  on t h e  
manom eter  s c a l e  so  l o n g  a s  t h e  n e e d l e  K i s  n o t  
b l o c k e d .
The d e c i s i o n  h a v i n g  p r e v i o u s l y  b e e n  made t h a t  
a r t i f i c i a l  p n eu m o th o ra x  s h o u l d  be  i n d u c e d ,  t h e  
p a t i e n t ,  s e v e r a l  h o u r s  a f t e r  a  l i g h t  b r e a k f a s t ,  
r e c e i v e s  a  q u a r t e r  o f  a g r a i n  of  omnopon h y p o d e rm ic ­
a l l y ,  t h e  i n d u c t i o n  b e i n g  commenced a b o u t  40 m i n u t e s  
l a t e r .  The a d m i n i s t r a t i o n  o f  omnopon h a s  a. l u l l i n g  
e f f e c t  on t h e  n a t u r a l l y  i n c r e a s e d  e x c i t a b i l i t y  of  
t h e  p a t i e n t  and t h i s  d r u g  i s  b e t t e r  t h a n  m orph ine  
i n  t h a t  i t  i s  l e s s  l i k e l y  t o  c a u s e  v o m i t i n g .  At 
H a r e f i e l d ,  t h e  a c t u a l  o p e r a t i o n  t a k e s  p l a c e  i n  t h e
p a t i e n t ' s  own c u b i c l e  w h i c h  i s  c l e a r e d  o f  un n ec ­
e s s a r y  f u r n i t u r e ,  t h e  p a t i e n t  b e i n g  on h i s  bed 
and  t h e  w h o le  b e i n g  s u i t a b l y  s c r e e n e d .  By t h e s e  
means t h e  d i s t u r b a n c e  o f  t h e  p a t i e n t  i s  m in im ised  
and he  i s  more l i k e l y  t o  f a c e  t h a t  w h ich  he a t  
f i r s t  r e g a r d s  a s  a n  o r d e a l ,  w i t h  more e q u a n i m i t y .
T he  a p p a r a t u s  s i t s  on a  t a b l e  d raw n c l o s e  
t o  t h e  b e d ,  s t e r i l e  b o w ls  c o n t a i n i n g  t h e  s t e r i l ­
i s e d  i n s t r u m e n t s  b e i n g  p l a c e d  on s t e r i l e  t o w e l s .  
The n e e d l e s  a r e  s t o r e d  i n  a b s o l u t e  a l c o h o l  and 
when r e q u i r e d  f o r  u s e  a r e  d r i e d  by  b e i n g  p a s s e d  
t h r o u g h  t h e  f l a m e  o f  a  s p i r i t  l am p .  The o p e r a t o r ' s  
h a n d s  a r e  p r e p a r e d  a s  f o r  any  a s e p t i c  s u r g i c a l  
o p e r a t i o n .
The p a t i e n t  l i e s  on h i s  sound  s i d e  f a c i n g  
away f r o m  t h e  a p p a r a t u s  b e c a u s e  i t  i s  f o u n d  t h a t  
i f  he i s  a b l e  t o  o b s e r v e  t h e  m anom eter ,  on d i s ­
c o v e r i n g  t h a t  t h e  o s c i l l a t i o n s  c o r r e s p o n d  to  h i s  
own r e s p i r a t i o n s ,  h i s  r e s p i r a t o r y  rh y th m  c e a s e s  
t o  b e  n a t u r a l .  A w e l l —s t u f f e d  p i l l o w  i s  p l a c e d  
b e l o w  h i s  c h e s t  s o  t h a t  h i s  v e r t e b r a l  column i s  
f l e x e d  l a t e r a l l y  and t h e  i n t e r c o s t a l  s p a c e s  wide­
ned  on t h e  s i d e  c h o s e n  f o r  o p e r a t i o n .  The s i t e
of  t h e  p r o p o s e d  p u n c t u r e  and  a  wide  s u r r o u n d i n g
a r e a  i s  t h o r o u g h l y  c l e a n s e d  w i t h  s o a p  and w a t e r ,  !
j
d r i e d  w i t h  a  s t e r i l e  t o w e l ,  and h e a v i l y  p a i n t e d  j 
w i t h  t i n c t u r e  o f  i o d i n e  by t h e  n u r s e  i n  a t t e n d a n c e .  |
j
The o p e r a t o r  t h e n  s u r r o u n d s  t h e  a r e a  w i t h  s t e r i l e
!l
t o w e l s .  |
The q u e s t i o n  of  t h e  s e l e c t i o n  of  t h e  s i t e  f o r  j
I
p u n c t u r e  h a s  b e e n  d i s c u s s e d  b y  many w r i t e r s  and p e r ­
c u s s i o n ,  a u s c u l t a t i o n ,  r a d i o s c o p y  and r a d i o g r a p h yi
a r e  a d v o c a t e d  a s  i m p o r t a n t  a i d s  i n  d e c i d i n g  w h e th e r  
p l e u r a l  t h i c k e n i n g  o r  a d h e s i o n s  a r e  p r e s e n t .  These 
m ethods  a r e  d o u b t l e s s  o f  c o n s i d e r a b l e  v a l u e  b u t  j
j
t h e y  may o c c a s i o n a l l y  be v e r y  d e c e p t i v e ,  and t h e  j
il
o n l y  s u r e  way o f  b e i n g  c e r t a i n  t h a t  f r e e  p l e u r a l  j
j
s p a c e  i s  a v a i l a b l e  i s  b y  a c t u a l  t r i a l .  A c a r e f u l  j
p u n c t u r e  d o e s  no harm i f  i t  f a i l s  and o t h e r  s i t e s
may t h e n  be t r i e d ,  t h o u g h  t h e  e x p e r i e n c e  a t  H a r e -  
f i e l d  i s  t h a t  e a c h  s u b s e q u e n t  t r i a l  h a s  a  s m a l l e r  
c h a n c e  o f  s u c c e s s : ,  d o u b t l e s s  due t o  t h e  f a c t  t h a t  
a d h e s i o n s  when p r e s e n t  a r e  u s u a l l y  numerous  and 
f a i r l y  w i d e s p r e a d .  The u s u a l  s i t e  f o r  p u n c t u r e  i s  
i n  t h e  f o u r t h ,  f i f t h ,  o r  s i x t h  i n t e r s p a c e  i n  t h e  
m i d - a x i l l a r y  l i n e .  I n  t h i s  r e g i o n ,  t h e  c h e s t  w a l l
i s  r e l a t i v e l y  t h i n  and  i n  t h e  u n d e r l y i n g  p o r t i o n  
o f  t h e  p l e u r a l  s a c ,  t h e  l u n g  makes a  r e l a t i v e l y  
l a r g e  r e s p i r a t o r y  e x c u r s i o n ,  t h u s  r e d u c i n g  t h e  
c h a n c e s  o f  a d h e s i o n s *  I f  two o r  t h r e e  p u n c t u r e s  
f a i l  i n  t h i s  a r e a ,  a  f u r t h e r  a t t e m p t  i s  made on t h e  
f o l l o w i n g  d a y  t h r o u g h  t h e  e i g h t h  o r  n i n t h  i n t e r ­
s p a c e s  a b o u t  f o u r  i n c h e s  f ro m  t h e  v e f t e b r a l  s p in e s *
A good s i t e  f o r  p u n c t u r e  i s  t h r o u g h  t h e  " T r i a n g l e  
o f  A u s c u l t a t i o n 11 s i t u a t e d  n e a r  t h e  i n f e r i o r  a n g le  
o f  t h e  s c a p u l a  and bounded  by  t h e  v e r t e b r a l  b o r d e r  
o f  t h e  s c a p u l a ,  T r a p e z i u s  and L a t i s s i m u s  d o r s i .
I f  t h e  p a t i e n t  bends  f o r w a r d  a t  t h e  same t im e  f o l d ­
i n g  h i s  a r m s ,  t h e  s i x t h  and s e v e n t h  r i b s  become su b ­
c u t a n e o u s  a t  t h i s  p o i n t ,  o f f e r i n g  an  e a s y  r o u t e  
f o r  t h e  n e e d l e *  As a  l a s t  r e s o r t  t h e  s e c o n d  i n t e r ­
s p a c e  i n  t h e  m i d - c l a v i c u l a r  l i n e  may be s e l e c t e d  
f o r  p u n c t u r e *
The c h o s e n  s i t e  i s  now a n a e s t h e t i z e d  by means 
o f  a  p r o p r i e t a r y  p r e p a r a t i o n  known a s  E u d re n in e *
Two c u b i c  c e n t i m e t r e s  a r e  n o r m a l l y  u sed  f o r  e a ch  
p u n c t u r e ,  one c u b i c  c e n t i m e t r e  o f  t h e  s o l u t i o n  con ­
t a i n i n g  1 t h  g r a i n  o f  Jbenzamine h y d r o c h l o r i d e  and 
6
1 g r a i n  o f  a d r e n a l i n  c h l o r i d e  i n  p h y s i o l o g i c a l
2000 th
s o d iu m  c h l o r i d e  s o l u t i o n  and p r e s e r v e d  w i t h  c h i  o r e — 
t o n e ,  Benzam ine  h y d r o c h l o r i d e  i s  v e r y  r a p i d  i n  
p r o d u c i n g  l o c a l  a n a e s t h e s i a  and e v e n  i n  1 g r a i n  
d o s e s  a p p e a r s  t o  be n o n - t o x i c .  I t s  a c t i o n  i s  r e ­
i n f o r c e d  by  t h e  p r e s e n c e  o f  t h e  a d r e n a l i n  c h l o r i d e  
w h ic h  p r o d u c e s  a  p r a c t i c a l l y  b l o o d l e s s  f i e l d  and 
c o n t r o l s  c a p i l l a r y  b l e e d i n g .
A n a e s t h e t i z a t i o n  i s  commenced b y  r a i s i n g  a 
b l e b  by  i n j e c t i n g  a  s m a l l  q u a n t i t y  o f  t h e  l o c a l  a n a ­
e s t h e t i c  i n t r a d e r m a l l y .  The n e e d l e  i s  now w i th d ra w n  
and w i t h  t h e  hypoderm ic  s y r i n g e  v e r t i c a l  t o  t h e  s k i n  
s u r f a c e  and  w i t h  t h e  n e e d l e  p o i n t  i n  t h e  c e n t r e  of  
t h e  b l e b ,  t h e  n e e d l e  i s  s l o w l y  a d v an ced  t h r o u g h  t h e  
i n t e r c o s t a l  t i s s u e s ,  t h e  a n a e s t h e t i c  b e i n g  s t e a d i l y  
i n j e c t e d  t h e  w h i l e .  When t h e  n e e d l e  i s  f e l t  t o  
have  r e a c h e d  t h e  p l e u r a ,  t h e  r e m a i n i n g  J—1 c u b i c  
c e n t i m e t r e  o f  t h e  s o l u t i o n  i s  e j e c t e d  f ro m  th e  s y r ­
i n g e *  The p r o c e d u r e  i s  q u i t e  p a i n l e s s  e x c e p t  f o r  
t h e  i n i t i a l  i n t r a d e r m i c  p r i c k .
A f e w  m i n u t e s  l a t e r ,  t h e  Saugman n e e d l e  i s  made 
t o  f o l l o w  t h e  t r a c k  of  t h e  hypoderm ic  n e e d l e .  The 
r e s i s t a n c e  of  p a r i e t a l  p l e u r a  i s  f e l t ;  t h e  n e e d l e  
i s  t h r u s t  s l o w l y  t h r o u g h  t h e  membrane, t h e  p u n c t u r e
b e i n g  acc o m p a n ied  by  a  s n a p  w h ich  i s  a lw a y s  f e l t  
and  o c c a s i o n a l l y  h e a r d  b y  t h e  o p e r a t o r .  I n  f a v o u r ­
a b l e  c a s e s ,  t h e  manometer  a t  once shows n e g a t i v e  
o s c i l l a t i o n s  t h r o u g h  a  r a n g e  o f  a t  l e a s t  f i v e  
c e n t i m e t r e s  o f  w a t e r  and t h e  r e a d i n g  i s  d u l y  r e ­
c o r d e d .  W i th  t h e  f l u i d  i n  t h e  b o t t l e s  l e v e l ,  t h e  
c l i p s  a r e  o p ened  and  a i r  i s  s u c k e d  i n t o  t h e  p l e u r a l  
c a v i t y .  A f t e r  300 -  400  c u b i c  c e n t i m e t r e s  o f  a i r  
hav e  b e e n  a l l o w e d  t o  e n t e r ,  t h e  c l i p s  a r e  c l o s e d ,  
t h e  m a n o m e t r ic  r e a d i n g s ,  now l e s s  n e g a t i v e ,  a r e  
t a k e n  and t h e  n e e d l e  i s  w i t h d r a w n .  The n e e d l e  
t r a c k  i s  now b r o k e n  up b y  d ee p  massage  i n  o r d e r  t o  
r e d u c e  t h e  c h a n c e  o f  e s c a p e  of  a i r  and t h e  n e e d l e  
wound i s  s e a l e d  by  t h e  a p p l i c a t i o n  of  a  s m a l l  p a r ­
t i c l e  o f  c o t t o n  wool s o a k e d  i n  c o l l o d i u m  f l e x i l e .
E v e r y  p u n c t u r e  i s  n o t  so  s u c c e s s f u l  a s  t h a t  
d e s c r i b e d  b e c a u s e  t h e  p l e u r a l  c a v i t y  may n o t  be 
e n t e r e d  owing t o  t h e  p r e s e n c e  o f  a n  a d h e s i o n .  A 
p u n c t u r e  must  t h e n  be made e l s e w h e r e .  The n e e d l e  
may be b l o c k e d  w i t h  b l o o d  or a  s m a l l  p i e c e  of  f a t  
o r  o t h e r  t i s s u e ,  i n  w h ic h  c a s e  t h e  s t i l e t t e  i s  u s e d  
t o  c l e a r  t h e  n e e d l e ,  i n  o r d e r  t o  o b t a i n  f r e e  mano­
m e t r i c  s w i n g s .  I f  good o s c i l l a t i o n s  a r e  o b t a i n e d  
and o n l y  a b o u t  100 c u b i c  c e n t i m e t r e s  o f  a i r  a r e
s u c k e d  i n ,  a  f u r t h e r  200—300 c u b i c  c e n t i m e t r e s  c a n  
b e  s a f e l y  i n s e r t e d  by r a i s i n g  t h e  l e v e l  o f  w a t e r  
i n  b o t t l e  B a b o u t  5 c e n t i m e t r e s  above  t h a t  of  
b o t t l e  A. S h o u ld  t h e  m an o m et r ic  p r e s s u r e  become 
r a p i d l y  p o s i t i v e  u n d e r  t h e s e  c i r c u m s t a n c e s ,  t h e  
n e e d l e  i s  p r o b a b l y  i n  a f r e e  p l e u r a l  p o c k e t  and a  
p a r t i a l  c o l l a p s e  o n l y  i s  t h e  b e s t  t h a t  c a n  be 
h oped  f o r .  When s e v e r e  h a e m o p t y s i s  i s  t h e  r e a s o n  
f o r  i n d u c t i o n ,  800 -  1000 c u b i c  c e n t i m e t r e s  may 
be  i n s e r t e d ,  b e c a u s e  r a p i d  e x t e n s i v e  c o l l a p s e  
o f  t h e  l u n g  i s  e s s e n t i a l  i f  b e n e f i t  i s  t o  be ob­
t a i n e d .  When t h e  c o l l a p s e  i s  n o t  u r g e n t ,  how ever ,  
t h e  amount o f  a i r  i n s e r t e d  a t  f i r s t  s h o u l d  n o t  
e x c e e d  400  c u b i c  c e n t i m e t r e s .  Now, t h e  p l e u r a  
h a s  c o n s i d e r a b l e  power  f o r  a b s o r b i n g  a i r ,  e s ­
p e c i a l l y  i n  t h e  e a r l y  s t a g e s  o f  p n e u m o th o ra x ,  and 
r e f i l l s  o f  a i r  a r e  n e c e s s a r y  b o t h  t o  p r e s e r v e  and 
i n c r e a s e  t h e  c o l l a p s e  o b t a i n e d  a t  i n d u c t i o n .
D u r i n g  t h e  t w e n t y - f o u r  h o u r s  f o l l o w i n g  i n d u c t i o n ,  
t h e  c o n d i t i o n  of  t h e  c o n t r a l a t e r a l  l u n g ,  t h e  
p o s i t i o n  o f  m e d i a s t i n u m  and g e n e r a l  s i g n s  and 
symptoms a r e  c l o s e l y  o b s e r v e d ,  and i f  t h e s e  ob­
s e r v a t i o n s  a r e  s a t i s f a c t o r y ,  t h e  f i r s t  r e f i l l  of
a b o u t  4 0 0  c u b i c  c e n t i m e t r e s  of  a i r  i s  g iv e n *  The 
t e c h n i q u e  i s  t h e  same a s  f o r  i n d u c t i o n  e x c e p t  
t h a t  t h e r e  i s  u s u a l l y  no d i f f i c u l t y  i n  o b t a i n i n g  
s a t i s f a c t o r y  m a n o m e t r i c  o s c i l l a t i o n s .  A l l  b e i n g  
w e l l ,  t h e  s e c o n d  r e f i l l  i s  g i v e n  on t h e  second  
d a y  a f t e r  t h e  f i r s t  r e f i l l ,  t h e  t h i r d  r e f i l l  i s  
g i v e n  on t h e  t h i r d  d a y  a f t e r  t h e  s e c o n d  r e f i l l  
and  s o  on u n t i l  t h e  e i g h t h  r e f i l l  i s  g i v e n  on 
t h e  e i g h t h  d a y  a f t e r  t h e  s e v e n t h  r e f i l l ,  t h e  
a r t i f i c i a l  p n e u m o t h o r a x  b e i n g  now a  month  o l d .
The r e f i l l s  a r e  t h e n  g i v e n  w e e k ly  f o r  s e v e r a l  
w eeks  and t h e r e a f t e r  t h e  i n t e r v a l  b e tw e e n  r e f i l l s  
i s  g r a d u a l l y  e x t e n d e d  u n t i l  a t  t h e  end  of  s i x  
m on ths  t h e  i n t e r v a l  i s  f ro m  two t o  t h r e e  w eeks .
As t h e  i n t e r v a l  i n c r e a s e s ,  t h e  amount o f  a i r  i n ­
s e r t e d  i s  i n c r e a s e d  up t o  600-800  c u b i c  c e n t i m e t ­
r e s ,  d e p e n d i n g  u p o n  t h e  s i z e  o f  t h e  p a t i e n t  and 
t h e  c o n d i t i o n  o f  t h e  p l e u r a l  c a v i t y .  I t  i s  
r a r e l y  a d v i s a b l e  t o  i n s e r t  more t h a n  900 c u b i c  
c e n t i m e t r e s  or  t o  hav e  a n  i n t e r v a l  l o n g e r  t h a n  
s i x  w e e k s .  At t h e  e n d  o f  a  y e a r  i n  an  a v e ra g e  
p a t i e n t  w i t h  a  good c o l l a p s e ,  t h e  u s u a l  r e f i l l  i s  
one o f  800 c u b i c  c e n t i m e t r e s  a t  an  i n t e r v a l  of
f o u r  o r  f i v e  w e e k s .
F o r  t h r e e  days  a f t e r  i n d u c t i o n ,  t h e  p a t i e n t  i s  
k e p t  a t  a b s o l u t e  r e s t .  T h e r e a f t e r ,  he r e m a i n s  i n  
b e d  b u t  t h e  r e g i m e n  i s  n o t  s o  s t r i c t  and a t  t h e  end 
o f  t h r e e  weeks he i s  a l l o w e d  o u t  o f  b ed  f o r  g r a d ­
u a l l y  i n c r e a s i n g  p e r i o d s  s o  l o n g  a s  no u n to w ard  
symptoms o r  s i g n s  d e v e l o p s .  E v e n t u a l l y ,  t h e  p a t i e n t  
i s  g i v e n  w a l k i n g  e x e r c i s e  and l i g h t  work b e tw e e n  
r e f i l l s ,  t h o u g h  a  few  h o u r s  r e s t  i n  bed  i s  p r e ­
s c r i b e d  a f t e r  e a c h  r e f i l l .
The s p a c i n g  and s i z e  o f  t h e  r e f i l l s  must be 
g o v e r n e d  by  t h e  c o n d i t i o n  of  t h e  l u n g s  and p l e u r a  
i n  e a c h  i n d i v i d u a l  c a s e .  A s t u d y  o f  t h e  mean i n t r a ­
p l e u r a l  p r e s s u r e s  b e f o r e ,  d u r i n g  and a f t e r  e a c h  r e ­
f i l l  i s  of  t h e  g r e a t e s t  i m p o r t a n c e .  E x c e s s i v e l y  
h i g h  f i n a l  mean p r e s s u r e s  a r e  t o  be d e p r e c a t e d ,  b e ­
c a u s e  i t  i s  n o t e d  t h a t  t h e  i n c i d e n c e  o f  f l u i d  de ­
v e lo p m e n t  i s  g r e a t e r  when h i g h  p r e s s u r e s  a r e  p r o ­
du c ed  t h a n  o t h e r w i s e ,  p r o b a b l y  b e c a u s e  some t e a r ­
i n g  of  a d h e s i o n s  f o l l o w e d  by p l e u r i s y  w i t h  e f f u s i o n  
may be c a u s e d  by a  h i g h  i n t r a p l e u r a l  p r e s s u r e .  
F u r t h e r ,  i f  a d h e s i o n s  a r e  p r e s e n t  and  a  h i g h  p r e s s ­
u r e  i s  i n j u d i c i o u s l y  u s e d  w i t h  t h e  i d e a  o f  s t r e t c h ­
i n g  o r  b r e a k i n g  t h e  a d h e s i o n s ,  t h e  l a t t e r  may be 
s o  s t o u t  t h a t  t e a r i n g  o f  t h e  l u n g  w i l l  o c c u r  w i t h  
a  r e s u l t a n t  s p o n t a n e o u s  p n e u m o th o ra x  and  a  p o s s i b l e  
p y o g e n i c  i n f e c t i o n  o f  t h e  p l e u r a l  c a v i t y .
A  g e n e r a l  r u l e  f o l l o w e d  a t  H a r e f i e l d  i s  t h a t  
t h e  amount of  a i r  i n s e r t e d  s h o u l d  be t h e  s m a l l e s t  
c o m p a t i b l e  w i t h  o b t a i n i n g  t h e  c o l l a p s e  d e s i r e d  so  
l o n g  a s  t h e  r e s p i r a t o r y  movements o f  t h e  c o l l a p s e d  
l u n g  a r e  r e d u c e d  t o  a minimum. By s o  d o i n g ,  g r o s s  
m e d i a s t i n a l  d i s p l a c e m e n t  and t h e  o t h e r  h a r m f u l  e f f ­
e c t s  o f  t o o  h i g h  p r e s s u r e  a r e  g e n e r a l l y  a v o i d e d .
C o m p le te  o r  p a r t i a l  c o l l a p s e  h a v i n g  b e e n  ob­
t a i n e d ,  t h e  q u e s t i o n  a r i s e s  a s  t o  when t h e  pneumo­
t h o r a x  s h o u l d  be d i s c o n t i n u e d .  I n  s e v e r a l  o f  t h e  
H a r e f i e l d  c a s e s ,  t h e  p n e u m o th o ra x  was abandoned  
a f t e r  t h e  f i r s t  or  s e c o n d  r e f i l l  on t h e  g ro u n d  t h a t  
a d h e s i o n s  were  s o  e x t e n s i v e  t h a t  t h e  c o l l a p s e  ob­
t a i n e d  was so  s l i g h t  t h a t  no b e n e f i t  c o u l d  be ex ­
p e c t e d .  I t  was c o n s i d e r e d  a d v i s a b l e  t o  d i s c o n t i n u e  
a  few  c a s e s  b e c a u s e  o f  t h e  o c c u r r e n c e  o f  f a i n t n e s s ,  
d y s p n o e i c  d i s t r e s s  o r  p a i n  s u b s e q u e n t  t o  r e f i l l .
I n  s e v e r a l  c a s e s ,  t h e  t r e a t m e n t  was ab a n d o n ed  when 
i t  became a p p a r e n t  t h a t  t h e  s u b j e c t  was a p p r o a c h i n g
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m  m o r ib u n d  s t a t e  i n  s p i t e  o f  t r e a t m e n t .  Two c a s e s  
d e v e l o p e d  t u b e r c u l o u s  empyema, t h u s  b r i n g i n g  t h e  
t r e a t m e n t  t o  a  c l o s e ,  and  one c a s e  d i e d  o f  t u b e r -  j
j
c u l o u s  m e n i n g i t i s ,  t w e n t y - o n e  months  a f t e r  i n d u c t i o n  
and  a f t e r  t w e n t y - s i x  r e f i l l s .  I n  t h e  l a r g e  m a j o r i t y
o f  c a s e s ,  t h e  p r o b le m  o f  d i s c o n t i n u a n c e  was s o l v e d  j
ii
by  a  g r a d u a l  s p o n t a n e o u s  d e v e lo p m e n t  o f  a d h e s i o n s  
and a  c o n c u r r e n t  u n p r e v e n t a b l e  e x p a n s i o n  of  t h e  l u n g .  
I n  t h e  c a s e s  o f  s e v e r a l  p a t i e n t s ,  a f t e r  a  p e r i o d  of  
t r e a t m e n t  o f  f ro m  two t o  f o u r  y e a r s ,  who had no 
symptoms and who were  c o n s i d e r e d  f i t  f o r  work,  t h e  
l u n g  was a l l o w e d  t o  e x p an d  s i m p l y  b y  d i s c o n t i n u i n g  j 
t h e  r e f i l l s .  G e n e r a l l y ,  i n  d e a l i n g  w i t h  t h e  c h r o n i c  
t y p e  o f  c a s e ,  t h e  a im  was a  minimum o f  two y e a r s  
t r e a t m e n t  f o l l o w e d  by  abandonment  o f  t h e  pneumo­
t h o r a x  when q u i e s c e n c e  had  b e e n  a c h i e v e d .
S e v e r a l  of  t h e  H a r e f i e l d  c a s e s  were n o t  i n ­
d u c e d  by t h e  method d e s c r i b e d  above ,  t h e  a r t i f i c i a l  
p n e u m o th o ra x  b e i n g  a  s e q u e l  t o  a i r  r e p l a c e m e n t  of  
a  p l e u r a l  e f f u s i o n *  The r e f i l l s  and s u b s e q u e n t  
t r e a t m e n t  i n  s u c h  of  t h e s e  c a s e s  a s  were c o n s i d e r e d  
t o  be s u i t a b l e  f o r  c o n t i n u e d  p n eu m o th o ra x  were s im ­
i l a r  i n  a l l  r e s p e c t s  t o  t h e  t r e a t m e n t  a l r e a d y  de—
s c r i b e d .  The method o f  f l u i d  r e p l a c e m e n t  by  a i r  
a b o u t  t o  be d e s c r i b e d  was a l s o  t h e  method o f  r e f i l l
i n  a r t i f i c i a l  p n e u m o th o ra x  c a s e s  c o m p l i c a t e d  by t h e  !
!
d e v e l o p m e n t  of  f l u i d ,  when i t  was deemed a d v i s a b l e  I 
t o  e v a c u a t e  t h i s  f l u i d .
I n  f l u i d  r e p l a c e m e n t ,  t h e  p a t i e n t  a s su m es  a  
s i t t i n g  p o s i t i o n  i n  b e d .  A f t e r  t h e  u s u a l  p r e p a r a ­
t i o n s ,  t h e  a r t i f i c i a l  p n e u m o th o ra x  n e e d l e  c o n n e c t e d  
w i t h  t h e  a p p a r a t u s  ( D ia g ra m  C ) ,  i s  i n s e r t e d  t h r o u g h  
t h e  c h e s t  w a l l ,  i n  t h e  a x i l l a r y  r e g i o n ,  i n t o  t h e  
p l e u r a l  c a v i t y .  I f  t h i s  n e e d l e  r e a c h e s  a i r  i n  t h e  
p l e u r a l  c a v i t y ,  marked n e g a t i v e  o s c i l l a t i o n s  w i l l  
be  r e g i s t e r e d  and t h e  n e g a t i v e  p r e s s u r e  may be so  j
g r e a t  a s  t o  a s p i r a t e  t h e  f l u i d  f ro m  t h e  manometer  
i f  t h e  o p e r a t o r  f a i l s  t o  p r e v e n t  t h i s  a c c i d e n t  by  
q u i c k l y  p i n c h i n g  t h e  r u b b e r  t u b e  l e a d i n g  t o  t h e  
m a n o m e te r .  I f  t h e  n e e d l e  i s  i n  f l u i d ,  however ,  
t h e r e  w i l l  be no o s c i l l a t i o n  and t h e  p r e s s u r e  may 
be n e g a t i v e  o r  p o s i t i v e .  I f  v e r y  m a r k e d ly  p o s i t i v e ,  
t h e  f l u i d  w i l l  r u s h  up t h e  n e e d l e  and be o b s e rv e d  
b y  t h e  o p e r a t o r  i n  t h e  g l a s s  window n e a r  t h e  n e e d l e ,  
i n  w h ic h  c a s e  t h e  c l i p s  s h o u l d  be q u i c k l y  c l o s e d .
U s in g  a  l o c a l  a n a e s t h e t i c  a s  b e f o r e ,  a  l a r g e
b o r e  Saugman n e e d l e  i s  i n s e r t e d  t h r o u g h  t h e  e i g h t h  
o r  n i n t h  i n t e r c o s t a l  s p a c e ^  i n  t h e  m i d - a x i l l a r y  
l i n e ,  t h e  i n c l i n a t i o n  o f  t h e  n e e d l e  b e i n g  u p w a rd s .  
The a r r i v a l  o f  t h e  p o i n t  of  t h e  n e e d l e  i n  t h e  f l u i d  
i n  t h e  p l e u r a l  c a v i t y  i s  i n d i c a t e d  by  t h e  e s c a p e  
o f  f l u i d  f ro m  t h e  n e e d l e ,  so m e t im es  u n d e r  c o n s i d ­
e r a b l e  p r e s s u r e .  The f l o w  of  f l u i d  i s  s t o p p e d  
t e m p o r a r i l y  by  f i t t i n g  a  p i e c e  o f  r u b b e r  t u b i n g  
t o  t h e  n e e d l e ,  t h e  t u b i n g  b e i n g  c l o s e d  by  means of  
a  c l i p .  The r u b b e r  t u b i n g  i s  c o n n e c t e d  t o  t h e  
a s p i r a t i n g  a p p a r a t u s  (D ia g ra m  E ) ,  w h ic h  i s  p l a c e d  
on t h e  t a b l e  n e a r  t h e  b e d .
The a p p a r a t u s  c o n s i s t s  o f  a n  empty  g r a d u a t e d  
b o t t l e  A of  a b o u t  two l i t r e s  c a p a c i t y  and  a  b o t t l e  
B f i l l e d  w i t h  a b o u t  s i x  l i t r e s  of  w a t e r .  The 
b o t t l e s  a r e  s t o p p e r e d  and  f i t t e d  w i t h  g l a s s  t u b e s  
C,D,E and  F a s  i n d i c a t e d  i n  t h e  d i a g r a m .  A l o n g  
r u b b e r  t u b e  G, f i t t e d  w i t h  a  c l i p  H, l e a d s  f ro m  
g l a s s  t u b e  F  t o  a  l a r g e  open  v e s s e l  J  p l a c e d  on 
t h e  f l o o r .  G l a s s  t u b e s  D and E a r e  c o n n e c t e d  by 
means o f  a n o t h e r  l e n g t h  o f  r u b b e r  t u b i n g .  A r u b b e r  
t u b e  K l e a d s  t o  t h e  Saugman n e e d l e  N, a  s h o r t  p i e c e  
o f  g l a s s  t u b i n g  L b e i n g  i n s e r t e d  as  a  window.  The
D I  A  G  K  A  M  EL.
A s r i f ^ A T I  ON A
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W e T H O J ?  OP TfETLfi CING, F~LUIJ> WITH 
A I T  AHJ > WASH MG,  O U T  l ^ L E U R A L  
C a v i t y  w i t h  S a l i w e .
S A L !  WE
E f O t f  A R T / F I  C/A l  
T N E U n  O T H O R A X  A  r  FA RATOS
TO A S T I R  A T  (ON A P P A R A T U S
c l i p  M i s  a l r e a d y  c l o s e d  t o  s t o p  t h e  f l o w  o f  s e r o u s  
f l u i d  f r o m  t h e  c h e s t .  The t u b e s  F and G a r e  f i l l e d  
w i t h  w a t e r  and c l i p  H c l o s e d .  I t  i s  r e a d i l y  s e e n  
t h a t  w i t h  t h e  p o i n t  o f  t h e  n e e d l e  N i n  t h e  p l e u r a l  
f l u i d  and w i t h  c l i p s  M and H r e l e a s e d ,  w a t e r  f l o w s  
f r o m  b o t t l e  B by  s i p h o n a g e  i n t o  r e c e p t a c l e  J ,  a i r  
f l o w s  f ro m  b o t t l e  A i n t o  b o t t l e  B t o  r e p l a c e  t h e  
s i p h o n e d  w a t e r  and t h e  a i r  i n  b o t t l e  A i s  r e p l a c e d  
b y  f l u i d  p a s s i n g  t h r o u g h  n e e d l e  N.
W i th  b o t h  n e e d l e s  i n  t h e  p l e u r a l  c a v i t y ,  t h e  
f l u i d  i s  t h u s  a s p i r a t e d ,  a i r  b e i n g  a l l o w e d  t o  f l o w  
i n t o  t h e  p l e u r a l  c a v i t y ,  i f  f r e e  m anom etr ic  sw ings  
have  b e e n  o b t a i n e d .  I f  t h e  p n e u m o th o ra x  n e e d l e  i s  
i n  f l u i d ,  h o w ev er ,  no m anom etr ic  o s c i l l a t i o n s  w i l l  j
i !
be o b t a i n e d  and s u f f i c i e n t  f l u i d  s h o u l d  f i r s t  be  a s ­
p i r a t e d  t o  a l l o w  t h e  l e v e l  o f  t h e  f l u i d  t o  f a l l  b e -
}
low t h e  p o i n t  o f  t h a t  n e e d l e .  At  f r e q u e n t  i n t e r v a l s  j
ij
d u r i n g  t h e  o p e r a t i o n ,  b o t h  s e t s  o f  a p p a r a t u s  a r e  j 
c l i p p e d  o f f  i n  o r d e r  t o  o b t a i n  a  m a n o m e t r ic  r e a d i n g ,  j 
I f  t h e  m anom etr ic  p r e s s u r e  i s  m a r k e d ly  n e g a t i v e ,  |
t h e  r a t e  of  i n f l o w  of  a i r  r e l a t i v e  t o  t h e  r a t e  o f  j
o u t f l o w  of  f l u i d  s h o u l d  be i n c r e a s e d  and v i c e  v e r s a  I
L /  |
i f  t h e  p r e s s u r e  i s  marked p o s i t i v e .  The f i n a l  mean
p r e s s u r e  s h o u l d  be l e f t  a t  a b o u t  z e r o .
I t  i s  o c c a s i o n a l l y  a d v i s a b l e  i n  c a s e s  of  p y o -
| g e n i c  i n f e c t i o n  of  p l e u r a l  e f f u s i o n  t o  wash o u t  t h e
j
j p l e u r a l  c a v i t y  w i t h  n o rm a l  s a l i n e .  T h i s  may be done
I
| by  c o n n e c t i n g  a l o n g  p i e c e  o f  r u b b e r  t u b i n g  t o  i n l e t
I
| B of  t h e  p n e u m o th o ra x  n e e d l e  (D ia g ra m  D ) ,  o p e n in g
s
I t a p  A, c l i p p i n g  o f f  t h e  p n e u m o th o ra x  and a s p i r a t i n g
I
j a p p a r a t u s  and p o u r i n g  warm s t e r i l e  n o rm a l  s a l i n e
i
| i n t o  t h e  f u n n e l  P  and so  t h r o u g h  t h e  n e e d l e  K i n t o
I
| t h e  p l e u r a l  c a v i t y .  The r a t e  o f  f l o w  i s  c o n t r o l l e d  
b y  means o f  t a p  A. The pus  and s a l i n e  w a s h in g s  
c a n  t h e n  be a s p i r a t e d  and a i r  r e p l a c e m e n t s  made 
u n d e r  m anom etr ic  c o n t r o l .  The method i s  i l l u s t r a t e d  
b y  D ia g ra m  F .
! D a n g e r s .  A c c i d e n t s  and I n c i d e n t s .
iI
| PLEURAL SHOCK. Many w r i t e r s  r e p o r t  t h e  o c c u r r e n c e
i
j  of  p l e u r a l  s h o c k  i n  a  v e r y  s m a l l  p e r c e n t a g e  of  t h e i r
i
c a s e s  o f  a r t i f i c i a l  p n e u m o th o ra x  or  s i m i l a r  o p e r a ­
t i o n s  i n v o l v i n g  t h e  p u n c t u r e  o f  t h e  p l e u r a .  The 
c o n d i t i o n  a p p e a r s  t o  a r i s e  a t  t h e  moment o f  t h e  
p l e u r a l  p u n c t u r e  by  t h e  hypoderm ic  o r  t h e  pneumo­
t h o r a x  n e e d l e ,  t h o u g h  i s o l a t e d  i n s t a n c e s  a r e  r e c o r d ­
ed  w here  t h e  symptoms d i d  n o t  a r i s e  u n t i l  a n  a p p -
r e c i a b l e  amount o f  a i r  had  b e e n  i n s e r t e d  i n t o  t h e  
p l e u r a l  c a v i t y .  The s i g n s  and symptoms a p p e a r  t o  
i n c l u d e  l i v i d i t y  of  t h e  c o m p le x io n ,  f a i n t n e s s  or 
c o m p l e t e  c o l l a p s e ,  i m p e r c e p t i b l e  p u l s e  and s e r i o u s  
r e s p i r a t o r y  d i f f i c u l t y .  C ases  o f  s u d d e n  d e a t h  
w i t h o u t  an y  m o n i t o r y  symptoms a r e  m e n t io n e d  i n  t h e  
l i t e r a t u r e  on t h e  s u b j e c t .  The c a u s e  o f  p l e u r a l  
s h o c k  h a s  n o t  b e e n  d e f i n i t e l y  a s c e r t a i n e d  and t h e  
a c c i d e n t  h a s  c r e a t e d  some c o n s i d e r a b l e  c o n t r o v e r s y .  
A f f e r e n t  r e f l e x  i m p u l s e s  t o  t h e  m e d u l l a  v i a  t h e  
s y m p a t h e t i c  s y s t e m  r e s u l t i n g  f ro m  i n j u r y  t o  t h e  
p l e u r a  h a s  b e e n  s u g g e s t e d  a s  a  c a u s e ,  t h e s e  r e ­
f l e x e s  b e i n g  c a r d i o - i n h i b i t o r y ,  or  v a s o m o to r  w i t h  
c o n s e q u e n t  r a p i d  d e c l i n e  o f  b lo o d  p r e s s u r e .  Only 
one c a s e  o f  p l e u r a l  s h o c k  o c c u r r e d  amongst  t h e  
H a r e f i e l d  c a s e s .  A r e f i l l  was a b o u t  t o  be g i v e n  
on t h e  r i g h t  s i d e  o f  a  f e m a le  p a t i e n t ,  age 30 ,  who 
was s u f f e r i n g  f ro m  ad v an ced  p u lm o n a ry  d i s e a s e  and 
who was o f  v e r y  n e r v o u s  d i s p o s i t i o n .  E u d r e n in e  
was b e i n g  i n j e c t e d  and a s  s o o n  a s  p a r i e t a l  p l e u r a  
was r e a c h e d ,  t h e  p a t i e n t  s u d d e n l y  became r i g i d ,  
t h e  p u p i l s  were d i l a t e d ,  t h e  r a d i a l  p u l s e  c o u l d  
n o t  be f e l t  and r e s p i r a t i o n  c e a s e d .  An i n t r a ­
m u s c u l a r  i n j e c t i o n  o f  p i t u i t a r y  e x t r a c t  was g i v e n
a t  o n c e  and  was i m m e d i a t e l y  f o l l o w e d  b y  a gasp  f ro m  
t h e  p a t i e n t .  R e v i v a l  was a t  f i r s t  s lo w ,  b u t  r e c o v ­
e r y  was c o m p l e t e  i n  two h o u r s .  A p p r o x i m a t e l y  4600 
i p l e u r a l  p u n c t u r e s  were  made a t  H a r e f i e l d  i n  d e a l i n g
s
! w i t h  t h e  f i r s t  h u n d r e d  c a s e s ,  and t h e  c a s e  d e s c r i b e d  
i s  t h e  o n l y  one of  p l e u r a l  s h o c k  o b s e r v e d .
O c c a s i o n a l  c o m p l a i n t s  o f  f a i n t n e s s  d u r i n g  r e f i l l s  
| w ere  made by o t h e r  p a t i e n t s ,  b u t  t h e s e  symptoms 
| c r e a t e d  no  a n x i e t y .  I f  t h e  r e f l e x ,  as  h a s  b ee n
! s u g g e s t e d ,  i s  of  t h e  v a s o m o to r  t y p e ,  t h e  p r e s e n c e
j
of  a d r e n a l i n  i n  t h e  l o c a l  a n a e s t h e t i c  u s e d ,  may be 
o f  v a l u e  i n  m i n i m i s i n g  p l e u r a l  sh o c k  i n  t h a t  a d r e n ­
a l i n  a s  a v a s o - c o n s t r i c t o r  would c o u n t e r a c t  t h e  
f a l l  o f  b l o o d  p r e s s u r e  c a u s e d  by t h e  r e f l e x .  F u r t h e r ,  
t h e  h a b i t  o f  p l a c i n g  a q u a n t i t y  of  l o c a l  a n a e s t h e t i c  
on t h e  p l e u r a  b e f o r e  p u n c t u r e  may be  o f  v a l u e  i n  
a v o i d i n g  p l e u r a l  s h o c k .
CEREBRAL EMBOLISM. No c a s e s  of  c e r e b r a l  em bol ism  
o c c u r r e d  a s  a  r e s u l t  o f  a r t i f i c i a l  p n eu m o th o ra x
I
o p e r a t i o n s  a t  H a r e f i e l d .  S e v e r a l  w o r k e r s ,  how ever ,  
hav e  r e c o r d e d  t h e  o c c u r r e n c e  o f  t h i s  a c c i d e n t .
C e r e b r a l  em b o l i sm  i s  p r o b a b l y  due t o  t h e  lo d g em en t  
o f  a n  a i r  b u b b l e  i n  an  en d —b r a n c h  of  one o f  t h e  
c e r e b r a l  a r t e r i e s ,  t h e  a i r  b e i n g  c a r r i e d  v i a  one
o f  t h e  p u lm o n a ry  v e i n s  i n t o  t h e  g e n e r a l  c i r c i l l a t i o n ,
| f o l l o w i n g  a c c i d e n t a l  p u n c t u r e  o f  t h e  l u n g  t i s s u e
|
! b y  t h e  a r t i f i c i a l  p n e u m o th o ra x  n e e d l e .  I t  i s  p r o b -
I
j a b l e  t h a t  a i r  em b o l i sm  would be e n t i r e l y  a v o i d e d
I
! b y  t h e  o b s e r v a n c e  o f  t h e  f o l l o w i n g  p r e c a u t i o n s .
The p n e u m o th o ra x  n e e d l e  s h o u l d  n e v e r  be i n s e r t e d
i
b e f o r e  t h e  a i r  r e s e r v o i r  h as  b e e n  s h u t  o f f  by means 
! o f  a  c l i p .  No a i r  s h o u l d  be  a l l o w e d  t o  e n t e r  u n t i lI
r e a s o n a b l y  f r e e  o s c i l l a t i o n s  o f  t h e  manometer  a r e  
j o b s e r v e d *  The p a t i e n t  s h o u l d  be i n s t r u c t e d  t o  r e ­
f r a i n  s o  f a r  a s  p o s s i b l e  f ro m  c o u g h i n g  or  b r e a t h i n g
| d e e p l y  w h i l e  t h e  o p e r a t i o n  i s  b e i n g  c a r r i e d  on, or
|
| w here  co u g h  i s  f r e q u e n t  and t r o u b l e s o m e ,  t h e  p a t i e n t  
s h o u l d  be t r a i n e d  t o  w arn  t h e  o p e r a t o r  b y  means of  
a  p r e - a r r a n g e d  s i g n a l  t h a t  he i s  a b o u t  t o  c o u g h ,  and 
on r e c e i p t  o f  t h i s  s i g n a l  t h e  o p e r a t o r  s h o u ld  temp­
o r a r i l y  s t o p  t h e  f l o w  o f  a i r ,  l e a v i n g  t h e  n e e d l e  i n
!
j s i t u .  However ,  s o  f a r  a s  c e r e b r a l  em bo l ism  i n
!
a r t i f i c i a l  p n e u m o th o ra x  i s  c o n c e r n e d ,  t h e  p o s i t i o n  
i s  w e l l  summed up by  R i s t  ( 1 8 )  when he s a y s , ...............
"we c a n  r e p e a t  w i t h  F o r l a n i n i  t h a t  c e r e b r a l  em­
b o l i s m  b e l o n g s  t o  t h e  h i s t o r i c a l  p e r i o d  o f  pneumo­
t h o r a x  t h e r a p y " .
PUNCTURE OF THE LUNG. A d h e s io n s  b e tw e e n  t h e  p a r i e t ­
a l  and v i s c e r a l  p l e u r a  a r e  f r e q u e n t l y  a c c o m p a n ied  
b y  t h i c k e n e d  p l e u r a ,  and on i n s e r t i n g  t h e  pneumo­
t h o r a x  n e e d l e ,  t h e  o p e r a t o r  on r e a c h i n g  p a r i e t a l  
p l e u r a  may m i s t a k e  t h e  r e s i s t a n c e ,  o f  a d h e r e n t  l u n g  
f o r  t h a t  o f  t h i c k e n e d  p a r i e t a l  p l e u r a .  T h i s  b e i n g
| s o ,  he  p u s h e s  t h e  n e e d l e  on and i n s t e a d  o f  e n t e r i n g
I
t h e  p l e u r a l  c a v i t y ,  t h e  n e e d l e  p u n c t u r e s  t h e  l u n g .
S u c h  a n  o c c u r r e n c e  i s  i n d i c a t e d  by  a  s l i g h t  n e g ­
a t i v e  p r e s s u r e  w i t h o u t  o s c i l l a t i o n  o f  t h e  m anom ete r ,  
f o l l o w e d  b y  p r o g r e s s i v e  i n c r e a s e  of  t h i s  n e g a t i v e  
p r e s s u r e  a t  e a c h  i n s p i r a t i o n .  The n e e d l e  i s  f i n a l l y  
b l o c k e d  b y  b l o o d  c l o t ,  t h e  manometer  i n d i c a t i n g  a I|
h i g h  s t a t i o n a r y  n e g a t i v e  p r e s s u r e .  S e v e r a l  s u c h  j 
a c c i d e n t s  o c c u r r e d  a t  H a r e f i e l d  and i n  t h e s e  c a s e s ,  
t h e  n e e d l e  was r a p i d l y  rem oved  and a p a r t  f ro m  s u b ­
s e q u e n t  v e r y  s l i g h t  h a e m o p t y s i s ,  no h a r m f u l  r e s u l t s  
w ere  o b s e r v e d .  The o c c u r r e n c e  of  t h i s  t y p e  of  
a c c i d e n t  u n d e r  t h e  c i r c u m s t a n c e s  i n d i c a t e d  i s  app­
a r e n t l y  u n a v o i d a b l e .
SURGICAL EMPHYSEMA. T h i s  a c c i d e n t  o c c u r s  i n  t h e  
two f o r m s ,  n a m e ly ,  d ee p  and s u p e r f i c i a l .  Deep
—O ft—
emphysema i s  t h e  r e s u l t  o f  a l l o w i n g  a i r  t o  e s c a p e  
b e f o r e  t h e  n e e d l e  h as  p i e r c e d  t h e  p a r i e t a l  p l e u r a  
o r  a f t e r  i t  h a s  p i e r c e d  b o t h  l a y e r s  o f  p l e u r a .  The 
a i r  t r a v e l s  e x t e r n a l  t o  t h e  p l e u r a  s a c ,  e i t h e r  i n ­
t e r n a l  t o  t h e  c h e s t  w a l l  o r  t h r o u g h  t h e  m e d i a s t i n u m  
and r e a c h e s  t h e  n e c k  r e g i o n  c a u s i n g  p a i n ,  d y s p h a g i a  
and  i n  a  few  c a s e s ,  d e a t h  f ro m  a s p h y x i a .  No c a s e s  
o f  d e e p  emphysema o c c u r r e d  a t  H a r e f i e l d .  j
i
S u p e r f i c i a l  emphysema was,  h o w ev er ,  a  f r e q u e n t
Ii
o c c u r r e n c e .  A f t e r  most  r e f i l l s ,  t h e  f i n a l  mean I
|
i n t r a p l e u r a l  p r e s s u r e  was e i t h e r  n e g a t i v e  o r  v e r y  
s l i g h t l y  p o s i t i v e .  The f i n a l  p r e s s u r e  was m a rk e d ly  
p o s i t i v e  i n  o n l y  a  few  " v e t e r a n "  c a s e s .  I t  has  b e e n
e x p e r i m e n t a l l y  d e m o n s t r a t e d  t h a t  a f t e r  a  r e f i l l ,  t h e  j
!
i n t r a p l e u r a l  p r e s s u r e  i s  d e f i n i t e l y  r a i s e d  as  so o n  j 
a s  t h e  p a t i e n t  s i t s  u p .  An i n c r e a s e  o f  p r e s s u r e  i s  
a l s o  c a u s e d  by  t h e  e x p a n s i o n  of  t h e  i n s e r t e d  a i r  
a s  i t  i s  warmed by  t h e  e n c l o s i n g  t i s s u e s  and a  f u r ­
t h e r  i n c r e a s e  i s  p r o d u c e d  by  t h e  d i f f u s i o n  of  c a r b o n  
d i o x i d e  f r o m  t h e s e  t i s s u e s  i n t o  t h e  p l e u r a l  c a v i t y .  
T h i s  d i f f u s i o n  i s  c o u n t e r b a l a n c e d ,  t o  some e x t e n t  
h o w e v e r ,  by  t h e  a b s o r p t i o n  of  oxygen by t h e  p l e u r a .
T h e s e  f a c t o r s ,  t h e r e f o r e ,  c r e a t e  a  h i g h  i n t r a p l e u r a l  
p r e s s u r e  s e v e r a l  h o u r s  a f t e r  r e f i l l ,  r e l a t i v e  t o  
t h e  i n t r a p l e u r a l  p r e s s u r e  i m m e d i a t e l y  a f t e r  a  r e f i l l .  
I n  a d d i t i o n ,  i f  a  p a t i e n t  s u f f e r s  f ro m  f r e q u e n t  and 
v i o l e n t  a t t a c k s  o f  c o u g h i n g ,  t h e  i n t r a p l e u r a l  
p r e s s u r e  becomes m a r k e d l y  h i g h  d u r i n g  t h e  p e r i o d s  
o f  o b s t r u c t e d  e x p i r a t i o n ,  and some of  t h e  pneumo­
t h o r a x  a i r  may be f o r c e d  a l o n g  t h e  n e e d l e  t r a c k  
i n t o  t h e  s u b c u t a n e o u s  t i s s u e s  and m u s c u l a t u r e  of  
t h e  t h o r a c i c  w a l l .  T h i s  c o n d i t i o n  c a n  t o  some e x ­
t e n t  be  p r e v e n t e d  by  d e e p  m assag e ,  a s  p r e v i o u s l y  
m e n t i o n e d ,  o f  t h e  n e e d l e  t r a c k  a f t e r  w i t h d r a w a l  of  
t h e  n e e d l e .  S u p e r f i c i a l  s u r g i c a l  emphysema c a u s e s  
p a i n  and s t i f f n e s s  i n  t h e  r e g i o n  a f f e c t e d  and g i v e s  
r i s e  t o  a  c r a c k l i n g  s e n s a t i o n  on p a l p a t i o n .
T r e a t m e n t  c o n s i s t s  o f  p l a c i n g  a  f i r m  pad o v e r  t h e  
n e e d l e  wound, h e l d  i n  p o s i t i o n  by means o f  s t r a p p ­
i n g  t i g h t l y  a p p l i e d .  I n  s u c h  c a s e s  t h e  p a t i e n t  
s h o u l d  r e m a i n  i n  t h e  r e c u m b e n t  p o s i t i o n  f o r  a t  
l e a s t  t w e l v e  h o u r s  a f t e r  t h e  r e f i l l .
NEEDLE ACCIDENTS o t h e r  t h a n  p u n c t u r e  o f  t h e  l u n g  
a r e  r e l a t i v e l y  uncommon. I n  one c a s e  a t  H a r e f i e l d ,
| d u r i n g  i n j e c t i o n  o f  t h e  l o c a l  a n a e s t h e t i c ,  t h e
|
j h y p o d e rm ic  n e e d l e  b r o k e  o f f  a t  t h e  h i l t  j u s t  a s  t h e
j n e e d l e  p o i n t  had  r e a c h e d  t h e  p a r i e t a l  p l e u r a .  The
j  c h e s t  w a l l  was t h i c k  and t h e  f r a g m e n t  o f  t h e  n e e d l e
t
was c o m p l e t e l y  embedded.  I t  was s o o n  l o c a t e d ,
j
h o w e v e r ,  by  c u t t i n g  down w i t h  a  s c a l p e l ,  w h ic h  i s
|
a lw a y s  a v a i l a b l e  a t  e v e r y  c h e s t  o p e r a t i o n ,  and
1
| e a s i l y  e x t r a c t e d  w i t h  f o r c e p s .
S h a r p  p a i n  was o c c a s i o n a l l y  e x p e r i e n c e d  by 
p a t i e n t s ,  e s p e c i a l l y  o f  t h e  a l a r - c h e s t e d  t y p e  w i t h  
n a r r o w  i n t e r c o s t a l  s p a c e s ,  a s  a  r e s u l t  o f  i n j u r y  t o  
t h e  i n t e r c o s t a l  n e r v e  r u n n i n g  i n  t h e  c o s t a l  g roove  
j u s t  i n t e r n a l  t o  t h e  l o w e r  b o r d e r  o f  t h e  r i b .  B lood  
c l o t  b l o c k a g e  o f  t h e  n e e d l e  may a l s o  f o l l o w  i n j u r y  
t o  one o f  t h e  i n t e r c o s t a l  v e s s e l s  i n  t h e  same s i t ­
u a t i o n ,  and  s u b s e q u e n t  b l e e d i n g  a l o n g  t h e  n e e d l e  
t r a c k  may be t r o u b l e s o m e .  T h e se  o c c u r r e n c e s  may 
u s u a l l y  be  p r e v e n t e d  by  a v o i d i n g  an y  t e n d e n c y  t o  
upward i n c l i n a t i o n  when i n s e r t i n g  t h e  n e e d l e .  They 
a r e  n o t  u s u a l l y ,  however ,  of  s e r i o u s  c o n s e q u e n c e .
S e p t i c  i n f e c t i o n  o f  t h e  n e e d l e  t r a c k  i n  
o r d i n a r y  i n d u c t i o n  and r e f i l l  o p e r a t i o n s  i s
i n e x c u s a b l e  and  i s  p r e v e n t e d  by  t h e  o b s e r v a n c e  o f  
s t r i c t  a s e p t i c  p r e c a u t i o n s  and t h e  s e a l i n g  of  t h e  
s k i n  p u n c t u r e  w i t h  c o t t o n  wool c h a r g e d  w i t h  c o l l o d i u m  
f l e x i l e .
PAIN i s  a f r e q u e n t  o c c u r r e n c e  a f t e r  a r t i f i c i a l  
p n e u m o th o ra x  o p e r a t i o n s .  The p a t i e n t  c o m p l a i n s  
f i r s t  o f  t i g h t n e s s  and  l a t e r  of  p a i n  i n  t h e  s i d e  
t r e a t e d .  The p a i n  i s  p r o b a b l y  due t o  some s t r e t c h ­
i n g  of  a d h e s i o n s  and when p r e s e n t  i s  o f t e n  r e f e r r e d  
t o  t h e  s h o u l d e r .  R e l i e f  u s u a l l y  comes a f t e r  s e v e r a l  
h o u r s ,  b u t  when s e v e r e ,  t h e  p a i n  may be t r e a t e d  by 
t h e  a d m i n i s t r a t i o n  o f  m o rp h in e  o r  omnopon.
DYSPNOEA of  s l i g h t  s e v e r i t y  i s  p r e s e n t  i n  many 
c a s e s ,  e s p e c i a l l y  a f t e r  t h e  e a r l i e r  r e f i l l s .  I t  i s  
a l s o  f r e q u e n t l y  a s s o c i a t e d  w i t h  n ^ d i a s t i n a l  d i s ­
p l a c e m e n t  w h ic h  i s  d e a l t  w i t h  i n  a  l a t e r  s e c t i o n .
On r a r e  o c c a s i o n s ,  s e v e r e  d y s p n o e a  h as  n e c e s s i t a t e d  
t h e  a s p i r a t i o n  o f  some o f  t h e  a i r  i n s e r t e d .
A' n o t e w o r t h y  i n c i d e n t  i s  t h a t  wh ich  o c c u r r e d  
d u r i n g  a  r e f i l l ,  when a s  a  r e s u l t  o f  a n  u n c o n t r o l l ­
a b l e  f i t  o f  c o u g h i n g ,  t h e  f l u i d  o f  t h e  manometer  
was c o m p l e t e l y  b lown ou t  by  t h e  r e s u l t a n t  s u d d e n  
d e v e lo p m e n t  o f  a n  e x t r e m e l y  h i g h  i n t r a p l e u r a l  p r e s s ­
u r e .
| An e q u a l l y  s u d d e n  and u n c o n t r o l l e d  r e f i l l  o f  a i r
S
| t h r o u g h  t h e  now empty  m anometer  t u b i n g  was p r e v e n t e d
i
I b y  q u i c k l y  c l o s i n g  t h e  lum en  of t h e  r u b b e r  t u b i n g|
n e a r  t h e  n e e d l e .
To t h e  i n e x p e r i e n c e d  o p e r a t o r ,  an  i n c r e a s e  of  
co u g h  and s p u tu m  a f t e r  t h e  f i r s t  few  r e f i l l s  may 
| g i v e  r i s e  t o  a n x i e t y  a s  i n d i c a t i n g  t h a t  t h e  p a t i e n t  
i s  d e f i n i t e l y  w o r s e .  T h ese  symptoms, h o w e v e r ,  a r e  
f r e q u e n t l y  n o t e d  and a r e  t h e  r e s u l t  o f  t h e  c o l l a p s e  
o f  t h e  l u n g  and  t h e  c o n s e q u e n t  e x p r e s s i o n  o f  p a t h ­
o l o g i c a l  p r o d u c t s  f r o m  t h e  a l v e o l i .  When t h i s  
t e m p o r a r y  e x c e s s  o f  m a t e r i a l  has  b e e n  removed 
b y  c o u g h i n g ,  t h e  symptoms u s u a l l y  s u b s i d e .
RADIOLOGY IN PNEUMOTHORAX TREATMENT.
I t  i s  now g e n e r a l l y  a c c e p t e d  t h a t  i n  t h e  
d i a g n o s i s  and t r e a t m e n t  o f  p u lm o n a ry  t u b e r c u l o s i s  
t h e r e  i s  s o m e t h i n g  t o  be  l e a r n e d  f ro m  X - r a y  exam­
i n a t i o n  i n  e v e r y  c a s e .  When c o l l a p s e  t h e r a p y  i s  
u n d e r  c o n s i d e r a t i o n ,  X - r a y  e v i d e n c e  i s  o f  s t i l l  
g r e a t e r  i m p o r t a n c e  i n  t h a t  i t  i s  e s s e n t i a l  n o t  
o n l y  t o  know o f  t h e  e x i s t e n c e  o f  t h e  d i s e a s e  b u t  t o  
| h av e  d e t a i l e d  i n f o r m a t i o n  a s  t o  t h e  d i s t r i b u t i o n  and 
c h a r a c t e r  o f  t h e  d i s e a s e  i n  e a c h  l u n g  and  i t s  
p l e u r a l  c o v e r i n g s .  I t  i s  t r u e  t h a t  much o f  t h i s  
i n f o r m a t i o n  c a n  be a c q u i r e d  by  means o f  c l i n i c a l  
e x a m i n a t i o n ,  b u t  X—r a y  r e s u l t s  a r e  v a l u a b l e  i n  t h a t  
t h e y  c o n f i r m  i n f o r m a t i o n  g a i n e d  by o t h e r  m ethods  
and may a l s o  d e m o n s t r a t e  a d d i t i o n a l  f a c t s  u n d i s ­
c o v e r e d  by t h e s e  m e th o d s .  F u r t h e r ,  i f  X - r a y  f i n d ­
i n g s  a lw a y s  a g r e e d  w i t h  t h e  r e s u l t s  o f  o r d i n a r y  
e x a m i n a t i o n  o f  t h e  c h e s t ,  t h e y  would o f  o f  l i t t l e  
v a l u e  t o  t h e  c l i n i c i a n ,  and i t  i s  t h i s  l i a b i l i t y  
t o  d i s a g r e e  a s  w e l l  a s  t o  c o n f i r m  t h a t  c o n s t i t u t e s  
t h e  v a l u e  o f  r a d i o s c o p y  and r a d i o g r a p h y .
I n  t h e  s e l e c t i o n  o f  c a s e s  a t  H a r e f i e l d ,  X - ra y  
e x a m i n a t i o n  a lw ays  f o l l o w e d  c l i n i c a l  e x a m i n a t i o n .
R a d i o s c o p y  g i v e s  i n f o r m a t i o n  a s  t o  r e s p i r a t o r y  
movements  o f  t h e  d i a p h r a g m ,  l i g h t i n g  up of  t h e  
p u lm o n a ry  a p i c e s  on i n s p i r a t i o n  and t h e  p o s i t i o n  
and movements  o f  t h e  h e a r t .  R a d i o g r a p h y ,  i n  add­
i t i o n  t o  p r o v i d i n g  a  p e r m a n e n t  r e c o r d  o f  t h e  c o n ­
d i t i o n  and s i t u a t i o n  of t h e  t h o r a c i c  v i s c e r a  and 
c o n f i r m i n g  o r  c o r r e c t i n g  r e s u l t s ,  i s  u s e f u l  i n  
l o c a t i n g  a d h e s i o n s ,  c a v i t i e s  and c a l c i f i e d  l e s i o n s .  
P u lm o n a ry  c o n s o l i d a t i o n  and p l e u r a l  e f f u s i o n  a r e  
c l e a r l y  shown,  and t h e  p r e s e n c e  o f  a  h i t h e r t o  un­
s u s p e c t e d  s m a l l  s p o n t a n e o u s  p n e u m o th o ra x  i s  occ ­
a s i o n a l l y  r e v e a l e d .  I t  h a s  a l r e a d y  b e e n  shown 
t h a t  t h e  p r e s e n c e  or  a b s e n c e  o f  d i s e a s e  i n  t h e  
b e t t e r  l u n g  i s  of  c o n s i d e r a b l e  i m p o r t a n c e  i n  con­
s i d e r i n g  c o l l a p s e  t h e r a p y ,  and a  r a d i o g r a p h  f r e q u e n t ­
l y  d i s c o v e r s  t h e  e x i s t e n c e  o f  d e e p - s e a t e d  d i s e a s e  
when o t h e r  s i g n s  a r e  a b s e n t .  As a  r u l e ,  X—r a y  
e x a m i n a t i o n  d e m o n s t r a t e s  t h a t  d i s e a s e  i n  a  l u n g  
i s  more e x t e n s i v e  t h a n  t h e  p h y s i c a l  s i g n s  i n d i c a t e ,  
s o  t h a t  on t h e  w ho le  i t  a p p e a r s  ’t h a t  s o  f a r  a s  t h e  
e x t e n t  o f  t h e  d i s e a s e  i s  c o n c e r n e d ,  r a d i o g r a p h y  
g i v e s  t h e  more c o r r e c t  i d e a .  The v a l u e  o f  X - r a y s ,
h o w e v e r ,  i s  c o n s i d e r a b l y  l e s s  t h a n  t h a t  o f  o r d i n a r y  
c l i n i c a l  m e th o d s  i n  d e c i d i n g  u p o n  t h e  a c t i v i t y  o f  
p u lm o n a ry  l e s i o n s ,  and f o r  t h i s ,  one must  c o n t i n u e  
t o  d ep en d  upon  symptoms and s i g n s .
I
P r i n t  1 i s  o f  a  r a d i o g r a p h  o f  Case 8 b e f o r e  
a r t i f i c i a l  p n e u m o th o ra x  was i n d u c e d .  F a i r l y  w id e ­
s p r e a d  d i s e a s e ,  e x c e p t  a t  t h e  a p e x  of  t h e  u p p e r  l o b e ,
! i s  shown on t h e  l e f t  s i d e ,  t h e  h e a r t  b e i n g  d i s p l a c e d  
| s l i g h t l y  t o  t h e  l e f t .  P h y s i c a l  s i g n s  of  a c t i v e  d i s ­
e a s e  on t h e  l e f t  s i d e  were  f o u n d  and t h e r e  was a  
m o d e r a t e  d e g r e e  o f  s y s t e m i c  d i s t u r b a n c e .  No p h y s i c a l
j
s i g n s  were  a p p a r e n t  i n  t h e  r i g h t  l u n g ,  b u t  h e r e  t h e  
f i l m  shows some m o t t l i n g  and r o o t  s h a d o w s .  The 
i n t e r p r e t a t i o n  was  t h a t  t h e  r i g h t  l u n g  was u n d e r  
s u s p i c i o n  as  b e i n g  s l i g h t l y  a f f e c t e d ,  b u t  c l e a r l y
| c a p a b l e  o f  c a r r y i n g  on t h e  r e s p i r a t o r y  f u n c t i o n .
I
T h i s  c a s e  was t h e r e f o r e  r e g a r d e d  f o r  t h e  p u r p o s e  of  
a r t i f i c i a l  p n e u m o th o ra x ,  a s  u n i l a t e r a l .
R a d i o s c o p y  i s  most  v a l u a b l e  a f t e r  i n d u c t i o n  
h a s  b e e n  p e r f o r m e d  i n  o b s e r v i n g  t h e  e x t e n t  of  t h e  
c o l l a p s e  o b t a i n e d  and i n  a s c e r t a i n i n g  a f t e r  s u b s e q u e n t  
r e f i l l s ,  t h e  r a t e  a t  w hich  t h e  l u n g  t e n d s  t o  e x p a n d .  
The g r e a t e r  t h e  c o l l a p s e  o b t a i n e d ,  t h e  d e n s e r  i s  t h e
shadow o f  t h e  c o l l a p s e d  l u n g  and a n  e f f e c t i v e  
c o l l a p s e  i s  one i n  w h ich  r e s p i r a t o r y  movements o f  
t h e  o r g a n  a r e  a b s e n t  o r  n e a r l y  s o .  The c h e s t  s h o u l d
j
be  ex am in ed  r a d i o s c o p i c a l l y ,  a t  l e a s t ,  s o o n  a f t e r  
a  r e f i l l  and o c c a s i o n a l l y  d u r i n g  t h a t  r e f i l l  i n t e r ­
v a l ,  s o  t h a t  t h e  n e x t  r e f i l l  may be g i v e n  b e f o r e  
t h e  l u n g  r e - e x p a n d s .  R e - e x p a n s i o n  c a n  be c o m p l e t e l y  
p r e v e n t e d  by  t h i s  m eans ,  b u t  i t  h a s  b e e n  fo u n d  t h a t  
s l i g h t  r e - e x p a n s i o n  a s  opp o sed  t o  d e f i n i t e  r e su m p ­
t i o n  o f  r e s p i r a t o r y  f u n c t i o n  i s  no d i s a d v a n t a g e .
I I n  t h i s  way i t  i s  p o s s i b l e  t o  e s t i m a t e  t h e  most  
s u i t a b l e  i n t e r v a l ,  d u r i n g  t h e  f i r s t  few  months  o f  a 
p n e u m o th o ra x ,  so  t h a t  r a d i o s c o p y  may l a t e r  be p e r ­
fo rm e d  on l e s s  f re q u en t  occasions,  c h i e f l y  f o r  r e -
| v i s i n g  t h e  le n g th  of t h e  i n t e r v a l  and f o r  t h e
i
| o b s e r v a t i o n  of any com plica t ion  t h a t  may a r i s e .
The p r e s e n c e  of f l u i d  I n  t h e  p l e u r a l  c a v i t y  i s  r e a d ­
i l y  o b s e r v e d  by X - ra y  e x a m i n a t i o n ,  and i t  i s  n o t e ­
w o r t h y  t h a t  t h e  l e v e l  o f  f l u i d  i n  p n e u m o th o ra x  i s  
h o r i z o n t a l ,  i n  c o n t r a d i s t i n c t i o n  t o  t h e  c u r v e d  
u p p e r  l e v e l  o f  o r d i n a r y  p l e u r a l  e f f u s i o n .  R a d i o ­
s c o p y  i n  c a s e s  o f  h y d r o p n e u m o th o r a x  d e m o n s t r a t e s
d e l i c a t e '  r i p p l e s  on t h e  s u r f a c e  o f  t h e  f l u i d ,  when 
t h e  p a t i e n t  i s  i n s t r u c t e d  t o  g i v e  a  s u d d e n  j e r k ,  
j M e d i a s t i n a l  d i s p l a c e m e n t  i s  a l s o  o b s e r v e d  by  r a d i o -
I
j scopy*.  and i t  i s  p o s s i b l e  t o  rem edy  t h i s  c o n d i t i o n ,
| b y  v a r y i n g  t h e  s i z e  and i n t e r v a l  o f  r e f i l l s ,  u n d e r
v i s u a l  c o n t r o l .  F l a t t e n i n g  and o c c a s i o n a l l y  i n ­
v e r s i o n  of  t h e  d i a p h r a g m  o f t e n  f o l l o w s  i n s e r t i o n  
o f  a i r  i n t o  t h e  p l e u r a l  s a c ,  and t h i s  a l s o  i s  
d e m o n s t r a b l e  by  means o f  X - r a y s .  A d h e s io n s  b e tw e e n  
t h e  l u n g  and t h e  p a r i e t e s  a r e  s i m i l a r l y  d e t e c t e d ,  
and a l s o  a d h e s i o n s  b e tw e e n  t h e  d i a p h r a g m  and t h e  
m e d i a s t i n u m  o r  t h e  c h e s t  w a l l .  X - r a y  o b s e r v a t i o n s  
a t  H a r e f i e l d  were  u s u a l l y  made w i t h  t h e  p a t i e n t  i n  
t h e  s t a n d i n g  p o s i t i o n ,  b u t  o c c a s i o n a l l y ,  when a  
p a t i e n t  was v e r y  weak ,  i t  was n e c e s s a r y  t o  r a d i o ­
g r a p h  him i n  t h e  r e c u m b e n t  p o s i t i o n .
A s e r i e s  of  e i g h t  f i l m s  were o b t a i n e d  o f  t h e  
c h e s t  o f  Case  8 .  T h i s  was t h e  c a s e  o f  a  f e m a le  
p a t i e n t ,  aged 22 ,  w i t h  m o d e r a t e l y  w i d e s p r e a d  l e f t -  
s i d e d  d i s e a s e  and  some s y s t e m i c  d i s t u r b a n c e .  The 
sp u tu m  was p o s i t i v e  and t h e  w e i g h t  on i n d u c t i o n  
was 9 s t o n e s  Z p o u n d s .  The r e a s o n  f o r  i n d u c t i o n
was t h e  p o o r  r e s p o n s e  t o  o r d i n a r y  s a n a t o r i u m  t r e a t ­
m e n t .  P r i n t  1 ,  sh o w in g  t h e  c o n d i t i o n  i m m e d i a t e l y  
b e f o r e  i n d u c t i o n ,  h a s  a l r e a d y  b e e n  d e s c r i b e d .  P r i n t  
2 ,  t a k e n  a f t e r  t h e  s e c o n d  r e f i l l ,  shows p a r t i a l  
c o l l a p s e  o f  t h e  l o w e r  t w o - t h i r d s  of  t h e  l e f t  l u n g ,  
t h e  m e d i a s t i n u m  b e i n g  i n  t h e  n o rm a l  p o s i t i o n ,  w h e r e -
| a s  b e f o r e  i n d u c t i o n  i t  i n c l i n e d  s l i g h t l y  t o  t h e
|
I l e f t .  P r i n t  3 ,  t a k e n  a f t e r  t h e  s i x t h  r e f i l l ,  shows
i
f u r t h e r  c o l l a p s e  o f  t h e  l u n g  a l o n g  t h e  m e d i a s t i n u m ,
I t h e  a p e x  r e m a i n i n g  u n c o l l a p s e d .  P r i n t  4 ,  a f t e r
j
! t w e l v e  r e f i l l s ,  shows some s l i g h t  r e - e x p a n s i o n  of
| t h e  l o w e r  p a r t  o f  t h e  l u n g ,  t h e  a p e x  however  now
1
| sh o w in g  some c o l l a p s e .  The m e d i a s t i n u m  i s  s l i g h t l y  
d i s p l a c e d  t o  t h e  r i g h t .  600 c u b i c  c e n t i m e t r e s  o f  
a i r  were  b e i n g  i n s e r t e d  a t  e a c h  r e f i l l ,  t h e  i n t e r v a l  
b e i n g  t e n  d a y s .  P r i n t  5,  shows t h e  c o n d i t i o n ,  f o u r  
| m onths  a f t e r  i n d u c t i o n  and i m m e d i a t e l y  a f t e r  t h e
j
| f i f t e e n t h  r e f i l l .  The m e d i a s t i n u m  i s  m a r k e d ly  d i s ­
p l a c e d  t o  t h e  r i g h t ,  t h e  c o l l a p s e  o f  t h e  l e f t  l u n g  
b e i n g  good e x c e p t  f o r  a n  a d h e s i o n  i n  t h e  r e g i o n  o f  
t h e  s e co n d  r i b .  The d i a p h r a g m  on t h e  l e f t  s i d e  
shows a c o n c a v e  t h o r a c i c  s u r f a c e  i n s t e a d  of  a  c o n ­
v e x  o n e .  T h e se  c o n d i t i o n s  a r e  o b v i o u s l y  t h e  r e s u l t  
o f  t o o  h i g h  i n t r a p l e u r a l  p r e s s u r e  l e f t  a f t e r  r e f i l l .
P r i n t  6,  a  month  l a t e r ,  shows t h e  f r e q u e n t  r e s u l t  
o f  e x c e s s i v e l y  h i g h  p r e s s u r e ,  n a m e ly ,  f l u i d .
P r i n t  7 ,  t a k e n  s i x  m onths  a f t e r  i n d u c t i o n ,  shows 
t h e  r e s u l t  o f  a s p i r a t i o n  o f  t h e  f l u i d  and r e p l a c e ­
ment w i t h  a i r .  The amount o f  f l u i d  rem oved  was 
1 700  c u b i c  c e n t i m e t r e s  and t h e  f i n a l  p r e s s u r e  was 
t h a t  of  one c e n t i m e t r e  o f  w a t e r  (-#-1). P r i n t  8 ,  a 
y e a r  a f t e r  i n d u c t i o n ,  shows t h e  r e s u l t  a f t e r  a s ­
p i r a t i o n  of  9 0 0  c u b i c  c e n t i m e t r e s  o f  f l u i d  and 
l e a v i n g  a p r e s s u r e  e q u a l  t o  t h a t  o f  f i v e  c e n t i m e t r e s  
o f  w a t e r  (*T5). The a d h e s i o n  i n  t h e  r e g i o n  o f  t h e  
s e c o n d  r i b  i s  w e l l  shown i n  t h i s  f i l m ,  and on 
c o m p a r i s o n  o f  P r i n t s  1 and 8 i t  i s  s e e n  t h a t  no 
r a d i o g r a p h i c  s i g n s  o f  a l t e r a t i o n  o f  t h e  amount 
o f  d i s e a s e  i n  t h e  c o n t r a l a t e r a l  l u n g  a r e  p r e s e n t .  
F o u r  a s p i r a t i o n s  were  p e r f o r m e d  on Case 8 ,  a f t e r  
w h ic h  t h e  f l u i d  d i d  n o t  r e - f o r m .  No o t h e r  c o m p l i c ­
a t i o n s  o c c u r r e d .  A r t i f i c i a l  p n e u m o th o ra x  was; a b a n ­
doned  two and a  h a l f  y e a r s  a f t e r  i n d u c t i o n ,  t h e  
l u n g  h a v i n g  g r a d u a l l y  r e - e x p a n d e d .  Cough and 
s p u tu m  had d i s a p p e a r e d ,  b u t  e x t e n s i v e  p h y s i c a l  
s i g n s  w ere  s t i l l  p r e s e n t  on t h e  l e f t  s i d e .  The
w e i g h t  was e i g h t  s t o n e s  f o u r  p o u n d s ,  and t h e  p a t i e n t  
was f i t  f o r  l i g h t  w ork .  The co u g h  r e a p p e a r e d  a b o u t
! s i x  m onths  a f t e r  t h e  c e s s a t i o n  o f  t h e  p n e u m o th o ra x ,
i
| symptoms became t r o u b l e s o m e  and t h e  s i g n s  more e x -
i
| t e n s i v e .  The p a t i e n t  d i e d  f i f t e e n  months  a f t e r
I c e s s a t i o n  of  a r t i f i c i a l  p n e u m o th o ra x .  P r i n t  9i
| (C a s e  4 7 ) ,  f i v e  weeks  a f t e r  i n d u c t i o n ,  shows goodi
j ' -
I c o l l a p s e  o f  t h e  b a s e  o f  t h e  r i g h t  l u n g  w i t h  marked 
p l e u r a l  b u l g i n g s .  The m e d i a s t i n u m  i s  d i s p l a c e d  t o  
t h e  l e f t .  The p a t i e n t  had no s i g n s  o r  symptoms two 
y e a r s  a f t e r  i n d u c t i o n .  B e f o r e  i n d u c t i o n ,  t h e r e  was 
m o d e r a t e l y  a d v a n c e d  d i s e a s e  w i t h  d e f i n i t e  s y s t e m i c  
d i s t u r b a n c e .  Many t u b e r c l e  b a c i l l i  were  f o u n d  i n  
t h e  spu tum  and s l i g h t  h a e m o p t y s i s  was o c c a s i o n a l l y  
p r e s e n t .  T h i s  c a s e  has  s i n c e  b e e n  l o s t  s i g h t  o f .  
P r i n t  1 0 ( P o s t e r i o r  a s p e c t  -  Case  3 7 ) ,  shows a  good 
c o l l a p s e  o f  t h e  l e f t  l u n g  a g a i n s t  t h e  m e d i a s t i n u m ,  
two months  a f t e r  i n d u c t i o n .  A s t r o n g  a d h e s i o n  i s  
p r e s e n t  a t  t h e  b a s e ,  and a t  t h e  j u n c t i o n  o f  t h i s  a d ­
h e s i o n  and t h e  l u n g ,  t h e r e  i s  a  r i n g e d  t r a n s l u c e n t  
a r e a  w h ich  i s  p r o b a b l y  a  c a v i t y .  The f r e q u e n t  o c c u r ­
r e n c e  o f  a d h e s i o n s  i n  a s s o c i a t i o n  w i t h  s u p e r f i c i a l
c a v i t i e s  h a s  a l r e a d y  b e e n  m e n t i o n e d .  P r i n t  11 
! (C a s e  2 3 ) ,  t a k e n  s e v e n  months  a f t e r  i n d u c t i o n ,  shows 
t h e  l e f t  p l e u r a l  c a v i t y  h a l f  f u l l  o f  f l u i d ,  t h e  
h o r i z o n t a l  u p p e r  s u r f a c e  o f  t h e  f l u i d  b e i n g  s t r i k ­
i n g l y  d e m o n s t r a t e d .  P r i n t  12 (C ase  2 0 ) ,  t a k e n  f i v e  j 
m on ths  a f t e r  i n d u c t i o n ,  shows t h e  c o l l a p s e d  l e f t  
l u n g  a t t a c h e d  t o  t h e  c u p o l a  o f  t h e  p l e u r a  b y  means 
o f  s t r i n g - l i k e  a d h e s i o n s .  E x t e n s i v e  d i s e a s e  i s  s e e n  
i n  t h e  c o n t r a l a t e r a l  l u n g ,  b u t  t h i s  c a s e  was t r e a t e d  
f o r  s e v e r e  p u lm o n a ry  h a e m o r rh a g e ,  t h e  im m ed ia te  r e ­
s u l t s  b e i n g  g o o d .  P r i n t  13 (C a s e  4 5 ) ,  t a k e n  e i g h t  
m onths  a f t e r  i n d u c t i o n ,  shows good c o l l a p s e  o f  t h e  
l e f t  l u n g  e x c e p t  f o r  a  s t r o n g  c o n i c a l  a d h e s i o nI II !
| s t r e t c h i n g  t o  t h e  r e g i o n  o f  t h e  f i r s t  r i b .  At l e a s t  
one s m a l l  c a v i t y  a p p e a r s  t o  be p r e s e n t  I n  t h e  b a s e  
o f  t h i s  a d h e s i o n .  The d ia p h r a g m  on t h e  t r e a t e d  s i d e  
i s  s e e n  t o  be d e p r e s s e d .  On r a d i o s c o p y ,  i t  was o b -  
! s e r v e d  i n  t h i s  c a s e ,  a s  w e l l  a s  i n  many o t h e r s ,  t h a t  
b o t h  s i d e s  o f  t h e  d i a p h r a g m  moved i n  t h e  same d i r e c ­
t i o n  on r e s p i r a t i o n ,  b u t  t h a t  t h e  movement on t h e  
t r e a t e d  s i d e  was l e s s  t h a n  t h a t  on t h e  u n t r e a t e d  s i d e .
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PSYCHOLOGICAL CONSIDERATIONS.
I n  d e a l i n g  w i t h  p u lm o n a ry  t u b e r c u l o s i s  c a s e s ,  
u n d e r g o i n g  s a n a t o r i u m  t r e a t m e n t  a t  l e a s t ,  t h e  c l a s s ­
i c a l  ws p e s  p h t h i s i c a "  i s  u s u a l l y  a b s e n t .  D e p r e s s i o n  
i s  v e r y  common i n d e e d  and i s  d o u b t l e s s  due t o  t h e  
f a c t  t h a t  t h e  p a t i e n t  i s  t o  some e x t e n t  aware  t h a t  
h i s  p u lm o n a ry  a f f e c t i o n  r e n d e r s  h i s  c o n d i t i o n  a  p r e ­
c a r i o u s  o n e .  T h i s  c o n s c i o u s n e s s  i s  h e i g h t e n e d  a s  
t i m e  goes  on when he r e a l i s e s  t h a t  many of  h i s  f e l l o w  
p a t i e n t s  a r e  d e f i n i t e l y  on t h e  down g r a d e .  H is  
d e p r e s s i o n  i s  f u r t h e r  i n c r e a s e d  by t h e  n e c e s s a r i l y  
m onotonous  s a n a t o r i u m  r e g im e  o f  c u r t a i l e d  a c t i v i t y  
and  by  h i s  e n f o r c e d  s e p a r a t i o n  f ro m  h i s  home, r e l a ­
t i v e s  and f r i e n d s .
The i n d u c t i o n  o r  e v e n  t h e  p r o p o s e d  i n d u c t i o n  
o f  a r t i f i c i a l  p n e u m o th o ra x  b r i g h t e n s  t h e  p i c t u r e .
At l a s t ,  some d e f i n i t e  a c t i v e  s t e p s  a r e  b e i n g  t a k e n  
t o  com bat  h i s  d i s e a s e .  His  f e l l o w  p a t i e n t s  who have 
b e e n  s u c c e s s f u l l y  i n d u c e d  a r e  im p ro v e d ,  f o r ,  t h e  im­
m e d i a t e  r e s u l t s  o f  p u lm o n a ry  c o l l a p s e  a r e  u s u a l l y  
g o o d ,  and e v e n  t h o s e  p a t i e n t s  on whom i n d u c t i o n  h a s  
b e e n  a t t e m p t e d  u n s u c c e s s f u l l y  a r e  no w orse  t h a n  b e ­
f o r e .  Some of  t h e  a r t i f i c i a l  p n e u m o th o ra x  c a s e s
o f  l o n g  d u r a t i o n  r e t u r n  t o  t h e  s a n a t o r i u m  f o r  s u b ­
s e q u e n t  r e f i l l s  and s e v e r a l  of  t h e s e  a r e  f o l l o w i n g  
t h e i r  n o rm a l  em ployment  and d o i n g  w e l l .  T h e i r  c h e e r ­
f u l  o u t l o o k  i s  n o t e d  by  t h e  p r o s p e c t i v e  o r  e a r l y  
p n e u m o th o ra x  c a s e  w i t h  good r e s u l t s .  The o p e r a t i o n  
and s u b s e q u e n t  r e f i l l s  im prove  t h e  r e l a t i o n s h i p  
b e t w e e n  p h y s i c i a n  and p a t i e n t ,  so  t h a t  t h e  p a t i e n t ’s 
f a i t h  i n  h i s  m e d i c a l  a d v i s e r  i n c r e a s e s ,  w i t h  a  r e ­
s u l t a n t  b e n e f i c i a l  a n x i e t y  t o  c a r r y  o u t  t h e  l a t t e r ' s  
i n s t r u c t i o n s  w i t h  r e g a r d  t o  t h e  d e t a i l s  o f  t r e a t m e n t .
T h u s ,  a p a r t  f ro m  p h y s i c a l  r e s u l t s ,  i t  i s  c l e a r  
t h a t  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  im proves  t h e  
m e n t a l  c o n d i t i o n  o f  t h e  p a t i e n t ,  and a l t h o u g h  i t  i s  
i m p o s s i b l e  t o  m easu re  t h e  v a l u e  of  t h i s  im provem ent ,  
i t  c a n n o t  be g a i n s a i d  t h a t  i n  t h e  t r e a t m e n t  o f  most 
d i s e a s e s ,  an  im provem ent  of t h e  m e n t a l  a t t i t u d e  i s  
f o l l o w e d  by  b e n e f i c i a l  g e n e r a l  r e s u l t s .
R E S U L T S  O F  T R E A T M E N T  B Y  A R T I F I C I A L  P N E U M O T H O R A X .
The r e s u l t s ,  b o t h  good and b a d ,  w i l l  be c o n ­
s i d e r e d  i n  t h e  c h r o n o l o g i c a l  o r d e r  i n  w h ich  t h e y  
u s u a l l y  o c c u r ,  f ro m  t h e  t i m e  t h e  l u n g  c o l l a p s e  i s  
p r o d u c e d  t o  t h e  t i m e  when t h e  p a t i e n t  h a s  r e t u r n e d  
t o  h i s  n o rm a l  e n v i r o n m e n t .
The i n c r e a s e  of  co u g h  and sp u tu m  w hich  may 
i m m e d i a t e l y  f o l l o w  c o l l a p s e  has  a l r e a d y  b e e n  r e ­
f e r r e d  t o .  Some s l i g h t  b r e a t h l e s s n e s s  may a l s o  be 
p r e s e n t  and t h e  p a t i e n t  g e n e r a l l y  f e e l s  more i l l  a t  
e a s e  t h a n  b e f o r e  i n d u c t i o n .  When, h o w ev er ,  t h e  
e x c e s s  o f  p a t h o l o g i c a l  p r o d u c t s ,  w h ic h  r e s u l t s  
f r o m  t h e  d i m i n i s h e d  c a p a c i t y  of  t h e  c o l l a p s e d  l u n g ,  
h a s  b e e n  removed by  e x p e c t o r a t i o n ,  t h e  u n f a v o u r a b l e  
p u lm o n a ry  symptoms s u b s i d e ,  and a f t e r  s e v e r a l  r e ­
f i l l s ,  i n  f a v o u r a b l e  c a s e s ,  t h e  t o x a e m ic  m a n i f e s t ­
a t i o n s  b e g i n  t o  d i m i n i s h .  The t e m p e r a t u r e  f a l l s  
t o  n o r m a l ,  t h o u g h  some e r r a t i c  f l u c t u a t i o n s  may be 
n o t e d  b e f o r e  c o l l a p s e  i s  c o m p l e t e ,  t h e  p u l s e  r a t e  
i s  l o w e r e d  and n i g h t  s w e a t s ,  i f  p r e v i o u s l y  p r e s e n t ,  
a r e  r e d u c e d  i n  f r e q u e n c y  and i n t e n s i t y  o r  c o m p l e t e l y  
a b o l i s h e d .  Most o b s e r v e r s  r e c o r d  some r e d u c t i o n  i n  
w e i g h t  i n  t h e  m a j o r i t y  o f  c a s e s  i n d u c e d ,  and i n
many c a s e s  t h i s  l o s s  o f  w e i g h t  i s  n e v e r  r e g a i n e d .  
The c a u s e  o f  t h i s  l o s s  i s  i n e x p l i c a b l e ,  t h o u g h  i t  
i s  o b s e r v e d  t h a t  a  m ark ed  l o s s  o f  w e i g h t  f r e q u e n t l y  
f o l l o w s  th e  p r o d u c t i o n  o f  a  h i g h  i n t r a p l e u r a l  press* 
j  u r e  w i t h  g r o s s  d i s p l a c e m e n t  o f  th e  m e d i a s t i n u m .  
W h a te v e r  t h e  c a u s e  of  t h e  l o s s  o f  w e i g h t  o b s e r v e d ,  
t h e  f a c t  r e m a i n s  t h a t  i t  i s  n o t  o f  u n f a v o u r a b l e  
p o r t e n t .
I n  7 0  o f  t h e  H a r e f i e l d  c a s e s ,  e i t h e r  p a r t i a l  
o r  c o m p l e t e  c o l l a p s e  was p r o d u c e d ,  and T a b le  5 
j shows t h e s e  c a s e s  d i v i d e d  a c c o r d i n g  t o  t h e  w e i g h t  
on c e s s a t i o n  o f  p n e u m o th o ra x  t r e a t m e n t  r e l a t i v e  t o  
t h e  w e i g h t  on i n d u c t i o n .  F o r  p u r p o s e s  o f  com par­
i s o n ,  t h e  70  c a s e s  a r e  d i v i d e d  a c c o r d i n g  t o  t h e  
g e n e r a l  c o n d i t i o n  i m m e d i a t e l y  a f t e r  abandonm ent  
o f  t h e  p n e u m o th o ra x  r e l a t i v e  t o  t h e  c o n d i t i o n  on 
i n d u c t i o n .
T A B L E  5 .
Change i n  w e i g h t  and i n  g e n e r a l  c o n d i t i o n  of  
c a s e s  w i t h  s u c c e s s f u l  c o l l a p s e .
GENERAL CONDITION.
19 Im p ro v ed .  35
25 S t a t i o n a r y .  21
26 W orse .  14
. WEIGHT. 
I n c r e a s e d .  
U nchanged .  
D e c r e a s e d .
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I t  i s  r e a d i l y  s e e n  t h a t  a  number  o f  c a s e s  w h ich  
w ere  d e f i n i t e l y  im p ro v ed  s o  f a r  a s  symptoms and s i g n s  
w e re  c o n c e r n e d  had  n e v e r t h e l e s s  l o s t  w e i g h t .
When f a i r l y  c o m p l e t e  c o l l a p s e  o f  t h e  l u n g  i s  
o b t a i n e d ,  s p u tu m  u s u a l l y  p r o g r e s s i v e l y  d i m i n i s h e s  i n  
q u a n t i t y  and may d i s a p p e a r .  C o n c u r r e n t l y ,  t h e  number 
o f  t u b e r c l e  b a c i l l i  fo u n d  i n  t h e  spu tum  d i m i n i s h e s  
and e v e n t u a l l y  t h e  p a t i e n t  may have  e i t h e r  no spu tum  
or  s l i g h t  s p u tu m  f r e e  o f  t h e  s p e c i f i c  o r g a n i s m .  I n  
s u c c e s s f u l  c a s e s  o f  c o l l a p s e  f o r  h a e m o p t y s i s ,  s l i g h t  
‘' s t a i n i n g 1’ o f  s p u tu m  may be p r e s e n t  f o r  some d a y s  
b u t  when t h i s  d i s a p p e a r s ,  no r e c u r r e n c e  o f  p u lm o n a ry  
b l e e d i n g  n o r m a l l y  o c c u r s .  T a b l e  6 shows an  a n a l y s i s  
o f  s p u tu m  r e s u l t s  b e f o r e  a n d  on c e s s a t i o n  o f  c o l l a p s e  
t h e r a p y  o f  t h e  66 c a s e s  o f  s u c c e s s f u l  c o l l a p s e  a t  
H a r e f i e l d  i n  w h ich  t h e  p n e u m o th o ra x  h a s  now b e e n  
a b a n d o n e d .
T A B L E  6 .
BEFORE INDUCTION. ON CESSATION OF COLLAPSE
—  THERAPY.
No Sputum . N i l  15
T . B . N e g a t i v e .  4 13
T , B . P o s i t i v e .  62 33
D ead .  N i l  5
From t h e s e  f i g u r e s  i t  i s  m a n i f e s t  t h a t  a  marked 
im p ro v e m e n t  i n  s p u tu m  c o n d i t i o n  i s  a n  im m e d ia te  r e ­
s u l t  o f  c o l l a p s e  t h e r a p y .
A l l  c a s e s  a t  H a r e f i e l d  S a n a t o r i u m  a r e  c l a s s i f ­
i e d  a c c o r d i n g  t o  t h e  M i n i s t r y  of  H e a l t h  c l a s s i f i c ­
a t i o n  ( A p p e n d ix  A . )  Of t h e  66 s u c c e s s f u l l y  c o l l ­
a p s e d  c a s e s  o f  t h e  H a r e f i e l d  s e r i e s  i n  w h ich  c o l l ­
a p s e  t h e r a p y  h a s  b e e n  t e r m i n a t e d ,  4 b e l o n g e d  on i n ­
d u c t i o n  t o  Group A, 1 t o  Group B l ,  30  t o  Group B2, 
and  31 t o  Group B3.  The numbers  i n  Group A and B 1 
a r e  t o o  s m a l l  t o  e n a b l e  one t o  d raw  any  r e l i a b l e  
| c o n c l u s i o n  w i t h  r e g a r d  t o  t h e s e  g r o u p s ,  b u t  t h e  
sp u tu m  r e s u l t s  of  t h e  c a s e s  i n  Group B 2  and B 3 
i m m e d i a t e l y  a f t e r  c e s s a t i o n  of  a r t i f i c i a l  pneumo­
t h o r a x  a r e  g i v e n  i n  T a b l e  7 where t h e y  a r e  compared  
w i t h  t h e  spu tum  r e s u l t s  o f  c e r t a i n  p a t i e n t s  a t  t h e  
end o f  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t  o n l y .  The 
l a t t e r  c a s e s  w e re  t h o s e  o f  a l l  a d u l t  p a t i e n t s  d i s ­
c h a r g e d  f ro m  H a r e f i e l d  S a n a t o r i u m  d u r i n g  t h e  y e a r  
1925 and who were  c l a s s i f i e d  i n  G roups  B 2 or  B 3 
on a d m i s s i o n .  The f i r s t  h u n d re d  c a s e s  o f  a r t i f i c i a l  
p n e u m o th o ra x  a t  H a r e f i e l d  were i n d u c e d  b e tw e e n  1923 
and 1 9 2 7 ,  The y e a r  1925 i s  t h e  m id d le  y e a r  of  t h a t
p e r i o d  and was i n  no way an  ab n o rm a l  y e a r ,  so  t h a t  
t h e  o r d i n a r y  p a t i e n t s  d i s c h a r g e d  i n  t h a t  y e a r  may be 
c o n s i d e r e d  as  s u i t a b l e  c o n t r o l s  f o r  t h e  p n e u m o th o ra x  
c a s e s ,  s o  f a r  a s  t h e  t i m e  a t  w h ich  t r e a t m e n t  was 
g i v e n  i s  c o n c e r n e d .  Of t h e s e  o r d i n a r y  c a s e s ,  192
b e l o n g e d  t o  Group B 2 on a d m i s s i o n  and 112 t o  Group
4e
B 3 .  I n  o r d e r  t h a t  t h e  sp u tu m  r e s u l t s  may^.comparable 
t h e y  have  a l l  b e e n  r e d u c e d  t o  p e r c e n t a g e s .
T A B L E  7.
SPUTUM RESULTS 
AFTER ORDINARY 
TREATMENT.
SPUTUM RESULTS 
ON CESSATION OF 
COLLAPSE THERAPlY.
GROUP B 2 .
No Sputum
Sputum  T . B . N e g a t i v e  
Sputum T . B . P o s i t i v e  
Dead
GROUP B 3 .
No Sputum
Sputum T . B . N e g a t i v e  
Sputum T . B . P o s i t i v e  
Dead
8 p e r  c e n t  
31 " M
57 " ■
4  n n
3
16
51
30
p e r  c e n t .
n «
27 p e r  c e n t  
20 " ■
50 M •
3 • »
16 p e r  c e n t
20 " ■
51 * ■
13 " •
T h e re  a p p e a r  t o  be two p o s s i b l e  f a l l a c i e s  i n  
t h e  above  c o m p a r i s o n .  The f i r s t  i s  t h a t  t h e  pneumo-
t h o r a x  c a s e s  a r e  c l a s s i f i e d  on i n d u c t i o n  w h ich  t o o k  
p l a c e ,  on a n  a v e r a g e ,  s e v e r a l  months  a f t e r  a d m i s s i o n ,  
w h i l e  t h e  o r d i n a r y  c a s e s  a r e  c l a s s i f i e d  on a d m i s s i o n .  
No p n e u m o th o ra x  c a s e  im p ro v e d  d u r i n g  t h e  p e r i o d  be—
j  tw e e n  a d m i s s i o n  and i n d u c t i o n ,  o t h e r w i s e  c o l l a p s e
! t h e r a p y  would n o t  have b e e n  i n s t i t u t e d .  On t h e  o th e r
i
| hand many o f  t h e  p n e u m o th o ra x  c a s e s  showed d e f i n i t e
!
| d e t e r i o r a t i o n  b e f o r e  i n d u c t i o n ,  s o  t h a t  t h e  c o n d i t i o n
j
o f  t h e  p n e u m o th o ra x  c a s e s  a s  a  whole  was r e t r o g r e s s ­
i v e .  The a v e r a g e  c a s e  o f  p u lm o n a ry  t u b e r c u l o s i s  
shows a t  l e a s t  a  s l i g h t  im provem ent  d u r i n g  s a n a t o r i u m  
t r e a t m e n t .  Thus  t h e  p r o g n o s i s  i n  t h e  a v e r a g e  pneumo­
t h o r a x  c a s e  b e f o r e  i n d u c t i o n ,  e x c l u d i n g  t h e  p o s s i b l e  
e f f e c t  o f  c o l l a p s e  t h e r a p y ,  was w o rse  t h a n  t h a t  i n  
t h e  a v e r a g e  c a s e  i n  t h e  c o r r e s p o n d i n g  c l a s s i f i c a t i o n  
g r o u p ,  i n  w h ich  p n e u m o th o ra x  was n o t  c o n t e m p l a t e d .  
S u p p o s i n g ,  f o r  t h e  moment,  t h a t  c o l l a p s e  t h e r a p y  
i s  n e i t h e r  b e n e f i c i a l  n o r  h a r m f u l ,  one would  t h e r e -
j f o r e  e x p e c t  t h a t  t h e  u l t i m a t e  c o n d i t i o n  of  t h e  a v e r -
If
ag e  p n e u m o th o ra x  c a s e  would be w o rse  t h a n  t h a t  o f  
t h e  c a s e  w h ich  had b e e n  t r e a t e d  o r d i n a r i l y ,  and t h e  
a v e r a g e  sp u tu m  r e s u l t  o f  t h e  f o r m e r  would s i m i l a r l y  
be w o rse  t h a n  t h a t  o f  t h e  l a t t e r .  Any b i a s  t h e r e f o r e >,
—i V O -
i n  T a b le  7 w h ic h  m ig h t  r e s u l t  f r o m  t h e - d i f f e r e n c e  
o f  t h e  t i m e s  o f  c l a s s i f i c a t i o n ,  i s  a g a i n s t  r a t h e r  
t h a n  i n  f a v o u r  of  t h e  sp u tu m  r e s u l t s  of  t h e  a r t i f ­
i c i a l  p n e u m o th o ra x  c a s e s .
The s e c o n d  p o s s i b l e  f a l l a c y  i s  t h a t  d e a t h s  have 
b e e n  i n c l u d e d  i n  c o m p u t in g  p e r c e n t a g e s  r e s u l t s ,  and 
i t  m ig h t  w e l l  be  a r g u e d  t h a t  some of  t h e  d e a t h s  
i n c l u d e d  i n  t h e  g roup  of  o r d i n a r y  c a s e s  had p o s s i b l y  
o c c u r r e d  w i t h i n  t h e  f i r s t  f ew  months  a f t e r  a d m i s s i o n  
and s i n c e  a r t i f i c i a l  p n e u m o th o ra x  was i n d u c e d  i n  
t h e  a v e r a g e  c a s e  s e v e r a l  m onths  a f t e r  a d m i s s i o n ,  
some d e a t h s  m ig h t  p o s s i b l y  hav e  o c c u r r e d  i n  c a s e s  i n  
w h ic h  p n e u m o th o ra x  m ig h t  o t h e r w i s e  have  b e e n  p e r ­
fo rm ed  and t h a t  i n  c o n s e q u e n c e  t h e r e  i s  a b i a s  i n  
f a v o u r  o f  t h e  p n e u m o th o ra x  s p u tu m  r e s u l t s  i n  t h e  
| above  t a b l e .  I t  i s  a p p a r e n t ,  h o w ev e r ,  t h a t  ev en  
by  r e d u c i n g  t h e  number of  d e a t h s  of  o r d i n a r y  t r e a t ­
ment c a s e s  by  a s  much as  f i f t y  p e r  c e n t  o f  t h e s e  
d e a t h s  t o  c o m p e n s a t e  f o r  t h i s  h y p o t h e t i c a l  e r r o r  
and  i n c r e a s i n g  t h e  o t h e r  f i g u r e s  o f  t h e  o r d i n a r y
t r e a t m e n t  c a s e s  c o r r e s p o n d i n g l y ,  nam e ly  by 3 i n
98
Group B 2 and b y  15 i n  Group B 3 ,  t h a t  t h e
85
sp u tu m  r e s u l t s  of  t h e  p n e u m o th o ra x  c a s e s  r e m a i n
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b e t t e r  t h a n  t h o s e  o f  t h e  o r d i n a r y  t r e a t m e n t  c a s e s .  
A p a r t  f r o m  t h e s e  c o n s i d e r a t i o n s ,  how ever ,  a n y  e r r o r  
a s  a  r e s u l t  o f  i n c l u d i n g  d e a t h s  must be v e r y  s m a l l  
i n d e e d ,  and e v e n  i f  a l l  d e a t h s  were  e x c l u d e d  f ro m  
t h e s e  s t a t i s t i c s ,  t h e  e r r o r  w o u l d .b e  v e r y  g r e a t  b e ­
c a u s e  most o f  t h e  c a s e s  i n  w h ic h  d e a t h  o c c u r r e d  
w ould  d o u b t l e s s  have p o s i t i v e  s p u t a  f o r  some t im e  
b e f o r e  d e a t h ,  and some of  t h e s e  c a s e s  would t h e r e ­
f o r e  r e q u i r e  t o  be added  t o  t h e  p o s i t i v e  s p u tu m  g r o u p .
These  p o s s i b l e  f a l l a c i e s  h a v i n g  b e e n  c o n s i d e r e d ,  
one may p r o c e e d  t o  draw c o n c l u s i o n s  f ro m  T a b le  7 .
I n  g r o u p  B 2 ,  39 p e r  c e n t  o f  o r d i n a r y  t r e a t m e n t  
c a s e s  were  d i s c h a r g e d  i n  a  non—i n f e c t i o u s  s t a t e ,  
w h i l e  o f  t h e  p n eu m o th o ra x  c a s e s ,  47 p e r  c e n t  were  
n o n - i n f e c t i o u s  on c e s s a t i o n  of  t r e a t m e n t .  I n  g ro u p  
j B 3 ,  19 p e r  c e n t  o f  t h e  o r d i n a r y  t r e a t m e n t  c a s e s  
were  non—i n f e c t i o u s  on d i s c h a r g e  a s  compared  w i t h  
36 p e r  c e n t  o f  t h e  p n e u m o th o ra x  c a s e s  on c e s s a t i o n .
So f a r  a s  t h e  i n d i v i d u a l  c a s e  i s  c o n c e r n e d ,  t h i s  
d i f f e r e n c e  a p p e a r s  t o  be  o f  l i t t l e  i m p o r t a n c e ,  b u t  
r e l a t i v e  t o  t h e  s a f e g u a r d i n g  o f  t h e  p u b l i c  h e a l t h ,  
i t  i n d i c a t e s  t h a t  a r t i f i c i a l  p n e u m o th o ra x  may be 
r e g a r d e d  a s  a n o t h e r  weapon i n  t h e  a rm o u ry  o f  p r e ­
v e n t i v e  m e d i c i n e .
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D i s p l a c e m e n t  o f  t h e  m e d i a s t i n u m  t o w a r d s  t h e  
s o u n d  s i d e  i s  a  f r e q u e n t  r e s u l t  o f  c o l l a p s e  t h e r a p y ;  
i n  f a c t  i t  p r o b a b l y  o c c u r s  a t  some s t a g e  of  t r e a t ­
ment  i n  e v e r y  c a s e  o f  a r t i f i c i a l  p n e u m o th o ra x .  The 
d e g r e e  o f  d i s p l a c e m e n t  i s  u s u a l l y  s l i g h t  and  no 
d i s c o m f o r t  i s  n o r m a l l y  e x p e r i e n c e d  by  t h e  p a t i e n t .
On o c c a s i o n ,  h o w e v e r ,  e v e n  w i t h  c o m p a r a t i v e l y  low 
p r e s s u r e s ,  c o n s i d e r a b l e  d i s p l a c e m e n t  i s  o b s e r v e d  
and  d y s p n o e a  may be v e r y  m a rk e d .  T h i s  d y s p n o e a  i s  
p r o b a b l y  t h e  r e s u l t  o f  c o m p r e s s i o n  o f  t h e  c o n t r a ­
l a t e r a l  l u n g  w i t h  c o n s e q u e n t  f u r t h e r  d i m i n u t i o n  of  
t h e  a l r e a d y  d i m i n i s h e d  t o t a l  r e s p i r a t o r y  s u r f a c e .
The d i s p l a c e d  m e d i a s t i n u m ,  t o o ,  may c o n c e i v a b l y  p r e s s  
on and d i m i n i s h  t h e  lum en o f  t h e  b r o n c h u s  o r  of  a  
b r o n c h i o l e  o f  t h e  o p p o s i t e  l u n g ,  and so  c a u s e  r e s -
(
I p i r a t o r y  e m b a r r a s s m e n t .  So f a r  a s  p o s s i b l e ,  d i s —
I p l a c e m e n t  o f  t h e  m e d i a s t i n u m  i s  a v o id e d  and when i t
I Fi
| d o e s  o cc u r  an  a d j u s t m e n t  o f  t h e  s i z e  and o f  t h e  i n ­
t e r v a l  o f  t h e  r e f i l l s ,  c o n s i s t e n t  w i t h  m a i n t a i n i n g  
a  s u i t a b l e  c o l l a p s e  of  t h e  l u n g ,  i s  made.
I n  d i s c u s s i n g  t h e  s e l e c t i o n  o f  c a s e s ,  t h e  
p r e s e n c e  o f  p l e u r a l  a d h e s i o n s  h a s  a l r e a d y  b e e n  n o t e d  
a s  a  p o s s i b l e  c a u s e  o f  f a i l u r e  i n  p r o d u c i n g  c o l l a p s e .
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A d h e s i o n s  may a l s o  f o l l o w  a  s e r o u s  e f f u s i o n  i n t o  t h e  
p n e u m o th o ra x  c a v i t y  t h o u g h  t h e s e  a r e  g e n e r a l l y  more 
e a s i l y  d e a l t  w i t h  t h a n  t h e  s t r o n g e r  a d h e s i o n s  of  
p o s s i b l y  s e v e r a l  y e a r s  d u r a t i o n .  P l e u r a l  a d h e s i o n s  
c o n s t i t u t e  one o f  t h e  c h i e f  c a u s e s  o f  f a i l u r e  i n  
a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t ,  i n  t h a t  f a i l u r e  
t o  f i n d  f r e e  p l e u r a l  s p a c e  may r e s u l t  f ro m  t h e  c l o s e  
w e l d i n g  o f  t h e  p a r i e t a l  and  v i s c e r a l  s u r f a c e s ,  and 
i f  f r e e  s p a c e  i s  f o u n d , t h e  c o l l a p s e  o b t a i n e d  i s  o n l y  
p a r t i a l .  When p a r t i a l  c o l l a p s e  i s  o b t a i n e d ,  t h e  
c o l l a p s e  may o n l y  i n v o l v e  t h e  d i s e a s e d  p o r t i o n s  of  
t h e  l u n g  and t h e  h i g h l y  f a v o u r a b l e  c o n d i t i o n  of  
c o l l a p s e d  d i s e a s e d  t i s s u e s  and u n c o l l a p s e d  h e a l t h y  
t i s s u e s  be o b t a i n e d .  Too f r e q u e n t l y ,  h o w e v e r ,  t h e  
r e v e r s e  i s  t h e  c a s e ,  b e c a u s e  t h e  i r r i t a t i o n  o f  u n -  
| d e r l y i n g  d i s e a s e d  t i s s u e  i s  u s u a l l y  t h e  p r i m a r y  
c a u s e  o f  p l e u r a l  i n f l a m m a t i o n  w i t h  s u b s e q u e n t  ad ­
h e s i o n  f o r m a t i o n ,  t h e  r e s u l t  b e i n g  t h a t  a  u s e l e s s  
c o l l a p s e  o f  h e a l t h y  t i s s u e  o n l y  i s  o b t a i n e d .  No 
a t t e m p t  t o  d e a l  w i t h  a d h e s i o n s  was made a t  H a r e f i e l d ,  
o t h e r  t h a n  by  t e m p o r a r i l y  i n c r e a s i n g  t h e  i n t r a p l e u r a l  
p r e s s u r e  above  t h a t  r e q u i r e d  f o r  s a t i s f a c t o r y  c o l l ­
a p s e ,  i n  t h e  hope  of  s t r e t c h i n g  t h e  w ea k e r  t y p e  of
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a d h e s i o n s .  T h i s  was c a r r i e d  o u t  u n d e r  t h e  most  
c a r e f u l  X - r a y  c o n t r o l  and i n  some c a s e s  a n  im proved  
c o l l a p s e  was o b t a i n e d  by  s o  s t r e t c h i n g  o r  b r e a k i n g  
a d h e s i o n s .  G r e a t  c a r e  was t a k e n  h o w ever ,  t o  r e f r a i n  
f r o m  i n c r e a s i n g  t h e  i n t r a p l e u r a l  p r e s s u r e  t o  s u c h  
an  e x t e n t  a s  t o  r i s k  r u p t u r e  o f  t h e  l u n g  by  t e a r i n g  
t h e  v i s c e r a l  p l e u r a  a t  t h e  j u n c t i o n  o f  an  a d h e s i o n .  
I n  o t h e r  w o rd s ,  o b v i o u s l y  t h i c k  a d h e s i o n s ,  a s  ob­
s e r v e d  b y  r a d i o s c o p y ,  w ere  n o t  a t t a c k e d ,  and  s t r e t c h ­
i n g  a t t e m p t s  were  s o o n  a b a n d o n e d  i n  t h e  c a s e  of  t h e  
a p p a r e n t l y  w eaker  a d h e s i o n s  which f a i l e d  t o  r e s p o n d  
r e a d i l y  t o  m o d e r a t e  p r e s s u r e s .  Now, i t  i s  o b v i o u s l y  
t h e  s t r o n g e r  t y p e  o f  adhesion t h a t  i s  t h e  common 
c a u s e  o f  f a i l u r e  to  o b ta in  good c o l l a p s e ,  and t h e
!
: f i g u r e s  o f  t h e  H a r e f i e l d  c a s e s ,  t o  be d i s c u s s e d  l a t e r ,  
| d e m o n s t r a t e  t h a t  t h e  c h i e f  c a u s e  of  some o f  t h e  un­
s a t i s f a c t o r y  e n d - r e s u l t s  was f a i l u r e  t o  d e a l  s u c c e s s ­
f u l l y  w i t h  s t r o n g  a d h e s i o n s .
Tudor  Edwards  (1 9 )  d e s c r i b e s  two m ethods  o f  
d i v i s i o n  o f  a d h e s i o n s ,  n a m e ly ,  ( a )  d i v i s i o n  o f  b ands  
o f  a d h e s i o n s  by  means of  a f i n e  t e n o to m e  i n t r o d u c e d  
t h r o u g h  an  i n t e r c o s t a l  s p a c e  and ( b )  d i v i s i o n  of
b a n d s  by  e l e c t r i c  c a u t e r y  u n d e r  o b s e r v a t i o n  w i t h  a
|
t h o r a c o s c o p e .  The s e c o n d  method a p p e a r s  t o  be t h e
I
b e t t e r  i n  t h a t  t h e  c a u t e r y  d i v i d e s  and  t o  some e x ­
t e n t  s e a l s  t h e  c u t  s u r f a c e  s i m u l t a n e o u s l y ,  so  " tha t  
r i s k s  o f  h a e m o r r h a g e ,  w ound ing  o f  l u n g  t i s s u e ,  and 
; a i r  e m b o l i sm  a r e  d i m i n i s h e d .  Edwards  sums up h i s  
| a r t i c l e  by  q u o t i n g  J a c o b a e u s  who s a y s  *A l th o u g h  i t  
! h a s  b e e n  i m p o s s i b l e  t o  o b t a i n  so  h i g h  a  p e r c e n t a g e
j j
of  c l i n i c a l l y  im proved  c a s e s  a s  i n  c a s e s  of  s i m p l e
I
u n c o m p l i c a t e d  p n e u m o th o ra x  w i t h o u t  a d h e s i o n s ,  t h e  
p r o c e d u r e  o u g h t  t o  be o f  p e rm a n en t  v a l u e  i n  p e r h a p s  
a  l i m i t e d  number of  p n e u m o th o ra x  c a s e s  w i t h  s t r i n g ­
l i k e  or  m e m b r a n e - l i k e  a d h e s i o n s " .  E x c e l l e n t  a s  
t h i s  t r e a t m e n t  a p p e a r s  t o  b e ,  i t  i s  a p p a r e n t  t h a t  
t h e  c o m p l i c a t e d  o p e r a t i o n  o f  c a u t e r i z a t i o n  c a n  o n l y
j
be u n d e r t a k e n  by  a  s u r g e o n ,  p r a c t i s e d  and h i g h l y
i
s k i l l e d  i n  t h i s  t y p e  o f  w ork ,  and f o r  t h i s  r e a s o n  i t  
i s  u n l i k e l y  t h a t  t h i s  method  w i l l  e v e r  be w i d e l y  
u s e d  i n  s a n a t o r i a  and s i m i l a r  i n s t i t u t i o n s .  When 
t h e  r e s u l t  o f  a r t i f i c i a l  p n eu m o th o ra x  t r e a t m e n t  i s  
p o o r  i n  c o n s e q u e n c e  o f  l i m i t a t i o n  o f  c o l l a p s e  by  
a d h e s i o n s ,  t h e  a l t e r n a t i v e ,  i f  t r e a t m e n t  i s  t o  be 
c o n t i n u e d ,  a p p e a r s  t o  be  t h e  p e r f o r m a n c e  o f  t h o r a -
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j c o p l a s t y  t n  a  s u i t a b l y  e q u i p p e d  and s u i t a b l y  s t a f f e d
i
( h o s p i t a l  f o r  c h e s t  d i s e a s e s .
The f o l l o w i n g  i s  a  summary o f  t h e  d e g r e e  o f  
i c o l l a p s e  o b t a i n e d  i n  t h e  f i r s t  h u n d red  c a s e s  o f  
!a r t i f i c i a l  p n eu m o th o ra x  a t  H a r e f i e l d  S a n a t o r i u m : —
i
jGood C o l l a p s e  -  no a d h e s i o n s .  25
jGood C o l l a p s e  -  a  f e w  a d h e s i o n s .  17
(U se fu l  p a r t i a l  c o l l a p s e  -  a d h e s i o n s  p r e s e n t .  28
i
U s e l e s s  p a r t i a l  c o l l a p s e  — a d h e s i o n s  p r e s e n t .  12
No c o l l a p s e  -  a d h e s i o n s  p r e s e n t .  14
T r e a t m e n t  a b a n d o n e d  e a r l y —e x t r a n e o u s  c a u s e s .  2
D e d u c t i n g  t h e  2 c a s e s  o f  t h e  l a s t  g r o u p  f ro m  t h e  
t o t a l  number o f  c a s e s ,  i t  i s  s e e n  t h a t  o n l y  26 p e r  
c e n t  o f  c a s e s  were  a p p a r e n t l y  f r e e  f ro m  a d h e s i o n s  and 
t h a t  i n  28 p e r  c e n t ,  t h e r e  was f a i l u r e  t o  o b t a i n  
u s e f u l  c o l l a p s e  b e c a u s e  o f  a d h e s i o n s .
The r e s u l t s  o f  o t h e r  w o r k e r s ,  q u o t e d  by B u r r e l l  
( 1 1 ) ,  w i t h  r e g a r d  t o  t h e  f a i l u r e  o f  p n e u m o th o ra x  
owing t o  a d h e s i o n s  a r e  g i v e n  b e lo w .  The f i g u r e s  i n  
t h e  s e c o n d  co lum n  i n c l u d e  t h o s e  i n  t h e  f i r s t  co lum n.  
The c o r r e s p o n d i n g  H a r e f i e l d  f i g u r e s  a r e  a d d e d .
NO COLLAPSE. NO USEFUL COLLAPSE.
B u r r e l l 13 p e r c e n t . 24 p e r c e n t .
R i v i e r e 20 " h 37 n H
Saugman 11 ■ If 22 H H
Z i n k 24 " II 27 H tt
K e l l e r 1 2 . 5  " Hi 3 7 . 5 ■ H
H a r e f i e l d
s e r i e s 14 ■ H 28 * Hi
The d i s c r e p a n c y  b e tw e e n  t h e s e  f i g u r e s  i s  p o s s ­
i b l y  due  t o  a d i f f e r e n c e  i n  t h e  t y p e  o f  c a s e s  d e a l t  
w i t h  b y  t h e  v a r i o u s  w o r k e r s ,  a l t h o u g h  i t  i s  n o t e ­
w o r t h y  t h a t  t h e r e  i s  o n l y  a  s m a l l  d i f f e r e n c e  b e tw ee n  
B u r r e l l ' s  r e s u l t s  and t h e  H a r e f i e l d  r e s u l t s ,  and 
e v e n  t h i s  s m a l l  d i f f e r e n c e  may be e x p l a i n e d  by  t h e  
f a c t  t h a t  t h e  H a r e f i e l d  c a s e s  on i n d u c t i o n  were 
r a t h e r  more a d v a n c e d  t h a n  t h o s e  o b s e r v e d  by  B u r r e l l .
P l e u r a l  e f f u s i o n  i s  a  v e r y  f r e q u e n t  r e s u l t  o f  
a r t i f i c i a l  p n eu m o th o ra x  t r e a t m e n t ,  b u t  t h e  n e c e s s i t y  
f o r  o p e r a t i v e  i n t e r f e r e n c e  f o r  t h e  r e l i e f  o f  t h i s  
c o n d i t i o n  i s  f o r t u n a t e l y  much l e s s  f r e q u e n t .  The re  
a r e  s e v e r a l  c a u s e s  o f  p l e u r a l  e f f u s i o n ,  and one of  
t h e  c h i e f  o f  t h e s e  i s  no d o u b t  t h e  i r r i t a t i o n  r e ­
s u i t i n g  f r o m  t h e  f o r m a t i o n  of  f r e s h  t u b e r c l e s  on t h e  
p l e u r a ,  w i t h  c o n s e q u e n t  t u b e r c u l o u s  p l e u r i s y .  I t  
m ust  be a d m i t t e d  t h a t  i n  u n c o l l a p s e d  l u n g s  a f f e c t e d  
w i t h  t u b e r c u l o s i s ,  p l e u r a l  t u b e r c l e s  u n d o u b t e d l y  
d e v e l o p  w i t h  b u t  r a r e  r e s u l t a n t  wet  p l e u r i s y ,  b u t  
t h e  c o n d i t i o n s  a r e  a l t e r e d  when a  p n e u m o th o ra x  c a v i t y  
i s  p r e s e n t .  The f o r m a t i o n  o f  t u b e r c l e s  on t h e  p l e u r a l  
c o v e r i n g s  of  an  u n c o l l a p s e d  l u n g  t e n d s  t o  be  l i m i t e d  
b y  t h e  f o r m a t i o n  o f  a d h e s i o n s  b e tw e e n  t h e  v i s c e r a l  
and p a r i e t a l  p l e u r a .  When t h e s e  a r e  n o t  c o n t i g u o u s  
a s  i n  p n e u m o th o ra x ,  no a d h e s i o n s  c a n  f o r m ,  t h e  
p l e u r i s y  i s  t h e r e f o r e  n o t  l i m i t e d  and e f f u s i o n  r e a d ­
i l y  o c c u r s .  S i m i l a r l y ,  t h e  b r e a k i n g  down of  a d h e s ­
i o n s  i n  a r t i f i c i a l  p n e u m o th o ra x  may c r e a t e  a  p l e u r i s y  
w i t h  e f f u s i o n .  F u r t h e r ,  t h e  a p p o s i t i o n  o f  m o i s t  
p l e u r a l  s u r f a c e s  i s  l o s t  i n  p n e u m o th o ra x ,  and i t  
r e q u i r e s  no  g r e a t  s t r e t c h  o f  i m a g i n a t i o n  t o  assume 
t h a t ,  t h e  f o r c e  o f  c o h e s i o n  w hich  p r e v e n t s  t h e  down­
ward d r a i n a g e  o f  t h e  m o i s t u r e  h a v i n g  b e e n  l o s t ,  t h e  
f l u i d  w i l l  s l o w l y  g r a v i t a t e  t o  t h e  l o w e r  p a r t  o f  t h e  
p l e u r a l  s a c ,  t h e  p l e u r a  w i l l  c o n t i n u e  t o  s e c r e t e  
f l u i d  t o  r e p l a c e  t h a t  w h ic h  h a s  d r a i n e d ,  and s o  a 
p a s s i v e  h y d r o t h o r a x  w i l l  r e s u l t .  High i n t r a p l e u r a l
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p r e s s u r e s  f r e q u e n t l y  c a u s e  t h e  d e v e lo p m e n t  o f  f l u i d ,  
and i t  i s  p o s s i b l e  t h a t  t h i s  i s  due t o  t h e  c o m p r e s s ­
i o n  of  t h e  v e s s e l s  i n  t h e  h i l u m  of  t h e  c o l l a p s e d  
l u n g ,  p r o d u c i n g  an  u n u s u a l  d e g r e e  o f  s t a s i s  i n  t h e  
l u n g  w i t h  c o n s e q u e n t  i n c r e a s e d  p e r m e a t i o n  t h r o u g h  
t h e  b o u n d in g  v i s c e r a l  p l e u r a .  I n  t h i s  c o n n e c t i o n ,  
i t  i s  i n t e r e s t i n g  t o  n o t e  t h a t  H a l l i b u r t o n  ( 8 )  
s t a t e s  t h a t  s t o m a t a  e x i s t  i n  many s e r o u s  membranes 
b y  means o f  w h ich  l y m p h a t i c  v e s s e l s  com m unica te  
d i r e c t l y  w i t h  c a v i t i e s  f o r m e r l y  s u p p o se d  t o  be c l o s e d  
s o  t h a t  a s e r o u s  c a v i t y  may be  r e g a r d e d  as  a  w i d e n i n g  
o u t  o f  t h e  l y m p h - c a p i l l a r y  s y s t e m .  I f  t h i s  i s  s o ,  
a  lymph s t a s i s  i n  t h e  l u n g ,  a s  a r e s u l t  of  c o m p r e s s ­
i o n  o f  t h e  l y m p h a t i c  main  v e s s e l s  i n  a r t i f i c i a l  
p n e u m o th o ra x ,  would  b e  f o l l o w e d  b y  a n  o u t p o u r i n g  of  
i f l u i d  t h r o u g h  t h e  s t o m a t a  i n t o  t h e  p l e u r a l  c a v i t y ,  
p r o d u c i n g  a h y d r o t h o r a x .
From o b s e r v a t i o n  o f  t h e  H a r e f i e l d  c a s e s ,  p l e u r a l  
e f f u s i o n s  a p p e a r  t o  be d i v i s i b l e  i n t o  f o u r  g r o u p s ,  
n am e ly  ( a )  s m a l l  s e r o u s  e f f u s i o n s  w i t h  l i t t l e  o r  no 
c o n s t i t u t i o n a l  d i s t u r b a n c e  and w h ich  c l e a r  up w i t h o u t  
t r e a t m e n t ,  ( b )  s e r o u s  e f f u s i o n s  commencing w i t h  
m o d e ra te  t e m p o r a r y  p y r e x i a  and g r a d u a l l y  i n c r e a s i n g
j i n  q u a n t i t y  s o  t h a t  a s p i r a t i o n  i s  n e c e s s a r y ,  ( c )
| s e r o u s  e f f u s i o n s  ac co m p an ied  by  s e r i o u s  p r o g r e s s i v e
1 s p r e a d  o f  p u lm o n a ry  d i s e a s e  t e r m i n a t i n g  i n  d e a t h  and
I
| ( d )  s e r o u s  e f f u s i o n s '  s e c o n d a r i l y  i n f e c t e d  by  p y o g e n ic  
| o r g a n i s m s ,  t h e  o u t l o o k  b e i n g  g r a v e .  I n  g r o u p s  ( b )
| a n d  ( c ) ,  t h e  s e r o u s  e f f u s i o n  becomes p u r u l e n t  a s  
t i m e  g o e s  on ,  t h e  pus  h o w ev er ,  b e i n g  of  t h e  s t e r i l e  j 
t u b e r c u l o u s  v a r i e t y .
! S e r o u s  e f f u s i o n s  p r o b a b l y  o c c u r  i n  t h e  m a j o r i t y
s! • : 
j o f  c a s e s ,  t h o u g h  o n l y  46 p e r  c e n t  o f  t h e  s u c c e s s f u l l y  j
| c o l l a p s e d  H a r e f i e l d  c a s e s  were  o b s e r v e d  t o  have 
| d e v e l o p e d  f l u i d  w h ic h  p e r s i s t e d  f o r  a  p e r i o d  o f  weeks.] 
I t  was n o t e d ,  h o w ev e r ,  d u r i n g  r a d i o s c o p i c  e x a m i n a t i o n s  
t h a t  a  s m a l l  q u a n t i t y  o f  f l u i d  was o c c a s i o n a l l y  ob­
s e r v e d  i n  t h e  p h r e n i c o c o s t a l  s i n u s ,  t h i s  f l u i d  b e i n g  
;u n d e t e c t a b l e  by  c l i n i c a l  e x a m i n a t i o n .  D a i l y  r a d i o s — j 
c o p y  showed t h a t  t h i s  f l u i d  f r e q u e n t l y  d i s a p p e a r e d  
i n  a  few  d a y s .  A r e a s o n a b l e  a s s u m p t i o n ,  t h e r e f o r e ,  
i s  t h a t  an  u n d i s c o v e r e d  s m a l l  q u a n t i t y  of  f l u i d  may 
be p r e s e n t  a t  some t im e  o r  o t h e r  i n  most c a s e s .
However,  i n  d e a l i n g  w i t h  t h e  r e s u l t s  o f  a r t i f i c i a l  
p n e u m o th o ra x ,  one i s  m a i n l y  c o n c e r n e d  w i t h  e f f u s i o n s  
w h ic h  g i v e  r i s e  to  d e f i n i t e  s igns  and symptoms and
a i 7 -
|w h i c h  may m a t e r i a l l y  a f f e c t  t h e  u l t i m a t e  r e s u l t  
| o f  t h e  c a s e .
The f l u i d  was exam ined  i n  e v e r y  c a s e  i n  w h ich
] p l e u r a l  e f f u s i o n  o c c u r r e d ,  and t u b e r c l e  b a c i l l i
J
jw ere  f o u n d  i n  a l l  t h e  s p e c i m e n s  exam ined  w i t h  t h e  
[ e x c e p t i o n  o f  a  s m a l l  number o f  c l e a r  c o l o u r l e s s  
i s a m p l e s .  These  e x c e p t i o n a l  s a m p l e s ,  p e r h a p s ,  were 
t a k e n  f ro m  c a s e s  o f  p a s s i v e  h y d r o t h o r a x  o c c u r r i n g  
as  a  m e c h a n i c a l  r e s u l t  o f  t h e  p n eu m o th o ra x  r a t h e r  
t h a n  a s  a  r e s u l t  o f  a  t u b e r c u l o u s  p r o c e s s .
The d e v e l o p m e n t  of  f l u i d  i s  d e t e c t e d  by o r d i n a r y  
c l i n i c a l  e x a m i n a t i o n  and by  r a d i o s c o p y .  S u c c u s s i o n  
s p l a s h ,  a u d i b l e  t o  b o t h  p h y s i c i a n  and p a t i e n t ,  i s  
p r o b a b l y  t h e  e a s i e s t  and most  r e l i a b l e  d i a g n o s t i c  
s i g n  i n  h y d r o p n e u m o th o r a x .  No t r e a t m e n t  i s  n e c e s s a r y  
| f o r  many c a s e s  o f  p l e u r a l  e f f u s i o n ,  b u t  i n  t h o s e  
j H a r e f i e l d  c a s e s  i n  w h ich  d i s t r e s s i n g  symptoms o c c u r r e d  
! a s  a  r e s u l t  o f  p r e s s u r e  o f  t h e  f l u i d ,  and i n  w h ich  
j s y s t e m i c  d i s t u r b a n c e  was p e r s i s t e n t ,  a s p i r a t i o n  was 
c a r r i e d  o u t .  I n  two c a s e s ,  t u b e r c u l o u s  pus w h ich  
r e c u r r e d  a f t e r  f r e q u e n t l y  r e p e a t e d  a s p i r a t i o n  was 
f i n a l l y  d i s p o s e d  of  by  w a s h in g  o u t  t h e  p l e u r a l  c a v i t y  
w i t h  n o rm a l  s a l i n e  a s  d e s c r i b e d  i n  a  p r e v i o u s  s e c t i o n ,
I f  p l e u r a l  e f f u s i o n s  a r e  n e g l e c t e d  f o r  a l o n g  t i m e ,  
i t  i s  f o u n d  t h a t  t h e  p l e u r a l  t h i c k e n i n g ,  w h ich  a lw a y s  
1 f o l l o w s  e f f u s i o n  t o  some e x t e n t ,  becomes v e r y  marked
| and  a d h e s i o n s  may d e v e l o p ,  n e c e s s i t a t i n g  t h e  a b a n -
i! '
donment  o f  c o l l a p s e  t h e r a p y .  The t h i c k e n i n g  o f  t h e  
v i s c e r a l  p l e u r a  may be s o  g r e a t  t h a t  t h e  l u n g  i s  
p e r m a n e n t l y  p r e s e r v e d  i n  a  s t a t e  o f  c o l l a p s e ,  b u t  
t h e r e  i s  i n s u f f i c i e n t  e v i d e n c e  t o  i n d i c a t e  w h e th e r  
t h i s  e v e n t  i s  t o  be r e g a r d e d  a s  f a v o u r a b l e  o r  n o t .
An o b v i o u s  d i s a d v a n t a g e  i s  t h e  c h e s t  d e f o r m i t y  w h ich  
f o l l o w s  t h e  s lo w  o b l i t e r a t i o n  of  t h e  p l e u r a l  c a v i t y  
when t h e  l u n g  i s  i n c a p a b l e  o f  e x p a n d i n g .  Only one 
c a s e  o f  s e c o n d a r y  p y o g e n i c  i n f e c t i o n  of  p l e u r a l  
e f f u s i o n  o c c u r r e d ,  and t h i s  was p r o b a b l y  due t o  
s p o n t a n e o u s  p e r f o r a t i o n  of  t h e  l u n g .  I n  s p i t e  o f  
| t r e a t m e n t ,  t h e  c o n d i t i o n  of  t h i s  p a t i e n t  p r o g r e s s -  
| i v e l y  d e t e r i o r a t e d  and d e a t h  r e s u l t e d .
Of t h e  H a r e f i e l d  s e r i e s  o f  70 s u c c e s s f u l l y  
c o l l a p s e d  c a s e s ,  32 d e v e l o p e d  f l u i d .  These  a r e  
d i v i d e d  a s  f o l l o w s : —
S e r o u s  F l u i d .  T r e a t m e n t  u n n e c e s s a r y ........................28%
P u r u l e n t  F l u i d .  T r e a t m e n t  u n n e c c e s s a r y . . . . . . . 2 2 %
P u r u l e n t  F l u i d .  A s p i r a t i o n  p e r f o r m e d ..................... 47%
S e c o n d a r y  p y o g e n ic  i n f e c t i o n  of  f l u i d . . . . . . . . 3 %
I t  i s  r e a d i l y  s e e n  t h a t  t r e a t m e n t  by a s p i r a t i o n  
i was u n n e c c e s s a r y  i n  h a l f  o f  t h e  c a s e s  i n  w h ich  f l u i d  
d e v e l o p e d .  j
Few o p p o r t u n i t i e s  o c c u r r e d  f o r  p o s t - m o r t e m  
e x a m i n a t i o n  on c a s e s  t r e a t e d  by  a r t i f i c i a l  pneumo-  
i t h o r a x ,  b u t  i n  t h e  a u t o p s i e s  w h ich  were  p e r fo r m e d  
: t h e  c o l l a p s e d  l u n g  was fo u n d  t o  be a f l e s h y  mass i n
| c l o s e  a p p o s i t i o n  t o  t h e  m e d i a s t i n u m .  The s h a p e  o f
i
| t h i s  mass was fo u n d  t o  v a r y  a c c o r d i n g  t o  t h e  d e g r e e
i
o f  c o l l a p s e  o b t a i n e d .  I n  c o m p l e t e  c o l l a p s e ,  t h e  
l u n g  h a s  a  s h a p e  s i m i l a r  t o  t h a t  o f  a Rugby f o o t b a l l ,  
t h e  l o n g e r  a x i s  b e i n g  v e r t i c a l .  The sh ap e  i n  p a r t i a l  
c o l l a p s e  d e p e n d s  upon  t h e  n a t u r e  and s i t u a t i o n  of  
a d h e s i o n s ,  and  s o m e t im e s  a s  a  r e s u l t  o f  a p i c a l  and 
b a s a l  a d h e s i o n s ,  t h e  l u n g  i s  o n l y  c o m p r e s s e d  l a t e r a l - *
! l y  t h e  l e n g t h  f ro m  a p e x  t o  b a s e  b e i n g  unchanged*
! A i r - s p a c e s  a r e  few o r  e n t i r e l y  a b s e n t  i n  t h e  com- 
| p r e s s e d  l u n g  and a marked w i d e s p r e a d  o v e r g r o w th  o f  
| f i b r o u s  t i s s u e  i s  t h e  most  s t r i k i n g  a n a t o m i c a l  
f e a t u r e .  Many c a v i t i e s  a r e  fo u n d  t o  have  b e e n  ob­
l i t e r a t e d  and t h o s e  w hich  have  p e r s i s t e d  a r e  u s u a l l y  
f o u n d  t o  have  t h i c k  f i b r o u s  w a l l s ,  t h e  c o n t e n t s  i f  
a n y  a r e  d r y  and c a l c i f i c a t i o n  i s  o c c a s i o n a l l y  p r e s e n t .
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The l a y e r  o f  a i r  i n t e r v e n i n g  b e tw e e n  a  c o l l a p s e d  
l u n g  and t h e  p a r i e t e s  r e n d e r s  a t t e m p t s  a t  c l i n i c a l  
e x a m i n a t i o n  o f  t h a t  l u n g  p r a c t i c a l l y  v a l u e l e s s  so  
f a r  a s  e s t i m a t i n g  t h e  amount and a c t i v i t y  of  d i s e a s e  
i n  t h a t  l u n g  i s  c o n c e r n e d .  On e x p a n s i o n ,  how ever ,  
a t  t h e  end o f  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t ,  
v e s i c u l a r  or  b r o n c h o - v e s i c u l a r  b r e a t h i n g  i s  h e a r d  
on a u s c u l t a t i o n ,  t h e  l a t t e r  t y p e  b e i n g  common i n  
t h o s e  c a s e s  i n  w h ic h  d i s e a s e  on i n d u c t i o n  was s e v e r e  
and  w i d e s p r e a d .  No s i g n s  o f  a c t i v e  d i s e a s e  a r e  
f o u n d  when t h e  c o l l a p s e  has  b e e n  c o m p le te  and of  
l o n g  d u r a t i o n ,  b u t  u n c o l l a p s e d  o r  p a r t i a l l y  c o l l a p s e c .  
p o r t i o n s  o f  a  l u n g  may s t i l l  be fo u n d  t o  show s i g n s  
o f  a c t i v i t y .  I n  t h i s  l a t t e r  e v e n t ,  t h e  p r o g n o s i s  
h a s  n o t  b e e n  im proved  by  a r t i f i c i a l  p n e u m o th o ra x ,  
f o r  t h e  t r e a t m e n t  i s  p r a c t i c a l l y  u s e l e s s  u n l e s s  t h e  
j whole o f  t h e  d i s e a s e  i n  t h e  t r e a t e d  o r g a n  i s  r e n -  
| d e r e d  q u i e s c e n t .  A l u n g ,  p a r t l y  h e a l e d  and p a r t l y  
t h e  s i t e  of  a c t i v e  d i s e a s e ,  w i l l  p r o b a b l y  r e v e r t  t o  
i t s  o r i g i n a l  s t a t e  o f  w i d e s p r e a d  d i s e a s e  w i t h i n  
a few  months a f t e r  r e * ex p an s io n .  The i m p o r t a n c e ,  
t h e r e f o r e ,  of  o b t a i n i n g  a  c o m p l e t e  c o l l a p s e  o f  d i s -
j
e a s e d  t i s s u e s  i s  a p p a r e n t ,  i f  a  d i s e a s e - f r e e  l u n g  
i n  w hich  h e a l i n g  i s  l i k e l y  t o  be p e rm an en t  i s  t o
be p r o c u r e d .
The e f f e c t s  o f  a r t i f i c i a l  p n e u m o th o ra x  on t h e  
c o n t r a l a t e r a l  l u n g  a r e  o f  i m p o r t a n c e ,  b e c a u s e  i f  
d i s e a s e  i s  p r e s e n t  i n  t h a t  l u n g  e v e n  th o u g h  t h e  
w o rse  l u n g  h a s  b e e n  s u c c e s s f u l l y  t r e a t e d ,  t h e  f u t u r e  
o f  t h e  p a t i e n t  i s  s t i l l  p r e c a r i o u s .  As p r e v i o u s l y  
o b s e r v e d ,  t h e  c i r c u l a t i o n  i n  t h e  c o n t r a l a t e r a l  l u n g  
i n c r e a s e s  a f t e r  c o l l a p s e  o f  t h e  w o rse  l u n g ,  and 
p r a c t i c a l l y  t h e  w hole  of  t h e  r e s p i r a t o r y  f u n c t i o n  i s  
t h r u s t  upon  t h e  u n c o l l a p s e d  o r g a n .  W hether  o r  n o t  
t h e s e  c h a n g e s  a s s i s t  o r  r e t a r d  t h e  s p r e a d  o f  d i s e a s e  
i n  t h e  c o n t r a l a t e r a l  l u n g  i s  d i f f i c u l t  t o  d e t e r m i n e ,  
and  t h e  q u e s t i o n  r e m a i n s  a  s u b j e c t  o f  c o n t r o v e r s y  
am ongs t  a r t i f i c i a l  p n e u m o th o ra x  w o r k e r s .  The p a t h ­
o l o g i c a l  p r o d u c t s  t h a t  a r e  e x p r e s s e d  f ro m  t h e  w o rse  
l u n g  a s  i t  i s  c o l l a p s e d ,  e n d a n g e r  t h e  s o u n d e r  l u n g  
i n  t h a t  some o f  t h e  i n f e c t i v e  m a t e r i a l  may be  a s ­
p i r a t e d  by  way o f  t h e  b r o n c h u s  and may t h u s  g i v e  
r i s e  t o  f r e s h  f o c i  o f  i n f e c t i o n .  T h i s  d i s a d v a n t a g e  
o f  p u lm o n a ry  c o l l a p s e ,  how ever ,  i s  p r o b a b l y  c o u n t e r ­
b a l a n c e d  by  t h e  f a c t  t h a t  a t  a  l a t e r  s t a g e  o f  t r e a t ­
m en t ,  t h e  now c o l l a p s e d  l u n g  i s  no l o n g e r  t h e  s o u r c e  
o f  i n f e c t i o u s  d i s c h a r g e s  i n t o  t h e  b r o n c h i  t h a t  i t
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was b e f o r e  c o l l a p s e  t h e r a p y  was commenced. P u lm o n a ry  
t u b e r c u l o s i s  t e n d s  t o  i n c r e a s e  p r o g r e s s i v e l y ,  w i t h ­
o u t  and  s o m e t im e s  i n  s p i t e  of  t r e a t m e n t ,  s o  t h a t  a -  
p a r t  f ro m  t h e  p o s s i b l e  e f f e c t s  o f  c o l l a p s e  o f  t h e  
w o r se  l u n g ,  d i s e a s e  i f  p r e s e n t  i n  t h e  c o n t r a l a t e r a l  
l u n g  h a s  a  n a t u r a l  t e n d e n c y  t o  s p r e a d .  I n  any  i n ­
d i v i d u a l  c a s e ,  t h e  sum of  t h e  e f f e c t  o f  t h e s e  v a r y ­
i n g  f a c t o r s  m us t  d e t e r m i n e  t h e  s p r e a d  o r  a b s e n c e  of  
s p r e a d  i n  t h e  c o n t r a l a t e r a l  l u n g ,  and w h i l e  one c a n  
o b s e r v e  t h e  t o t a l  e f f e c t ,  i t  i s  i m p o s s i b l e  t o  compute 
t h e  a c t u a l  e f f e c t  o f  e a c h  c o n t r i b u t o r y  f a c t o r .
Of t h e  70  s u c c e s s f u l l y  c o l l a p s e d  c a s e s  a t  H are­
f i e l d ,  4 6  had u n i l a t e r a l  d i s e a s e  b e f o r e  i n d u c t i o n  
and i n  32 o f  t h e s e  t h e  d i s e a s e  r e m a i n e d  u n i l a t e r a l
| t h r o u g h o u t ^  t r e a t m e n t ,  t h e  r e m a i n i n g  14 becoming
j
| b i l a t e r a l .  Of t h e  24 c a s e s  w i t h  b i l a t e r a l  d i s e a s e
i  -{ A
on i n d u c t i o n ,  15 showed s p r e a d  o f  d i s e a s e  i n  t h e  
c o n t r a l a t e r a l  l u n g ,  6 showed no ch an g e  and 3 showed 
im provem ent  o f  t h e  c o n t r a l a t e r a l  l u n g .  I n  o t h e r  
w o rd s ,  30  p e r  c e n t  o f  c a s e s  u n i l a t e r a l  on i n d u c t i o n  
became b i l a t e r a l  and 62 p e r  c e n t  o f  t h e  b i l a t e r a l  
c a s e s  showed s p r e a d  o f  d i s e a s e  a f t e r  i n d u c t i o n .
Q f  t h e  c a s e s  b i l a t e r a l  on i n d u c t i o n ,  o n l y  12 p e r  c e n t
showed im p ro v em en t  o f  t h e  c o n t r a l a t e r a l  l u n g .
Oedema o f  t h e  c o n t r a l a t e r a l  l u n g ,  w i t h  c o n s e ­
q u e n t  c o u g h  and d y s p n o e a ,  i s  an  i n f r e q u e n t  r e s u l t  
o f  d i s p l a c e m e n t  o f  t h e  m e d i a s t i n u m  c a u s e d  by i n ­
j u d i c i o u s  u s e  o f  h i g h  i n t r a p l e u r a l  p r e s s u r e s .  M o is t  
c r e p i t a t i o n s  a r e  h e a r d  a t  t h e  b a s e  o f  t h e  l u n g  on 
a u s c u l t a t i o n  when t h i s  c o m p l i c a t i o n  i s  p r e s e n t .
T h i s  c o n d i t i o n  was b u t  r a r e l y  fo u n d  i n  t h e  H a r e f i e l c .  
s e r i e s  o f  c a s e s ,  and t h e  rem e d y  c o n s i s t e d  of  r e d u c ­
t i o n  o f  t h e  i n t r a p l e u r a l  p r e s s u r e .
I n  a p r e v i o u s  s e c t i o n  on t h e  i n d i c a t i o n s  f o r  
c o l l a p s e  t h e r a p y ,  m e n t i o n  h a s  b e e n  made o f  t h e  ex­
c e l l e n t  e f f e c t  on l a r y n g e a l  t u b e r c u l o s i s  o f  t h e  
c o l l a p s e  o f  a  d i s e a s e d  l u n g .  S e v e r a l  o f  t h e  pneumo­
t h o r a x  c a s e s  s u f f e r e d  f r o m  h o a r s e n e s s  o r  a p h o n i a ,  
p a i n  and t r o u b l e s o m e  cough  b e f o r e  i n d u c t i o n .  
U l c e r a t i o n  and oedema o f  t h e  l a r y n g e a l  s t r u c t u r e s  
w ere  p r e s e n t  i n  t h e s e  c a s e s ,  and i n  one c a s e  t h e  
u l c e r a t i o n  i n v o l v e d  t h e  e d g e s  o f  t h e  v o c a l  c o r d s .
I n  t h r e e  c a s e s  i n  w h ich  t h e s e  s i g n s  and symptoms 
w ere  p r e s e n t  b e f o r e  i n d u c t i o n ,  t h e  l o c a l  d i s e a s e  
h e a l e d  c o m p l e t e l y  a f t e r  p r o d u c t i o n  o f  p r a c t i c a l l y  
c o m p l e t e  c o l l a p s e  of  a  l u n g .  The u l c e r a t e d  v o c a l
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c o r d s  i n  t h e  c a s e  m e n t io n e d  showed some c i c a t r i z ­
a t i o n  a f t e r  h e a l i n g ,  b u t  i n  s p i t e  of  t h i s  d e f o r m i t y , 
v o c a l i s a t i o n  was o n l y  s l i g h t l y  i m p a i r e d .  A p a r t  
f r o m  t h e  c a s e s  m e n t io n e d  i n  w h ic h  c o m p le te  h e a l i n g  
t o o k  p l a c e ,  o t h e r  c a s e s  showed im provem en t  of  t h e  
l a r y n g e a l  c o n d i t i o n  a f t e r  a r t i f i c i a l  p n e u m o th o ra x .
I t  s h o u l d  be a d d ed  t h a t  c o m p le t e  s i l e n c e  was en­
f o r c e d  i n  t h e s e  c a s e s  o f  l a r y n g e a l  t u b e r c u l o s i s ,  
b u t  t h e  p r o g r e s s i v e  and f r e q u e n t l y  c o m p le te  d i s ­
a p p e a r a n c e  o f  l a r y n g e a l  symptoms i n  a r t i f i c i a l  
p n e u m o th o ra x  c a s e s  i s  r a r e l y  met w i t h  when s i l e n c e  
t r e a t m e n t  a l o n e  i s  u n d e r t a k e n .
The m a r s h a l l i n g  o f  f i g u r e s  r e l a t i n g  t o  t h e  
r e s u l t s  o f  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  i s  a  
m a t t e r  o f  c o n s i d e r a b l e  d i f f i c u l t y .  I t  i s  im p o ss ib le '  
f o r  a n y  s i n g l e  o b s e r v e r  t o  c o l l e c t  and o r g a n i s e  t h e  
r e s u l t s  of  h i s  c a s e s  i n  t h e  fo rm  of  s t a t i s t i c a l  
t a b l e s  t o  show d e f i n i t e l y  what  may o r  may n o t  be 
e x p e c t e d  f ro m  c o l l a p s e  t h e r a p y ,  b e c a u s e  no i n d i v ­
i d u a l ,  ev e n  a f t e r  a l i f e  d e v o t e d  t o  t h i s  t r e a t m e n t ,  
c o u l d  p o s s i b l y  o b s e r v e  a  s u f f i c i e n t l y  l a r g e  number  
o f  c a s e s  t o  make h i s  s t a t i s t i c s  d e p e n d a b l e .  F u r t h e r ,
i t  i s  u n f o r t u n a t e l y  i m p o s s i b l e  t o  o b t a i n  a  r e l i a b l e  
s e r i e s  o f  c o n t r o l  c a s e s  w hich  would fo rm  a  b a s i s  
f o r  c o m p a r i s o n  w i t h  t h e  c a s e s  t r e a t e d  by  a r t i f i c i a l  
p n e u m o th o r a x .  R i s t  and H i r s c h b e r g  ( 2 0 )  have  
a t t e m p t e d  t o  e s t i m a t e  t h e  p e r c e n t a g e  of  c u r e s  i n  a 
s e r i e s  o f  c a s e s  t r e a t e d  by  a r t i f i c i a l  p n e u m o th o ra x  
b y  means o f  a  c o m p a r i s o n  b e tw e e n  t h e  e n d - r e s u l t s  of  
t h e s e  c a s e s  w i t h  t h o s e  o f  c a s e s  n o t  so  t r e a t e d  b u t  
i n  w h ic h  t h e  c h e s t  c o n d i t i o n  was n e a r l y  s i m i l a r .
A l l  c a s e s  had p o s i t i v e  s p u tu m ,  and u n i l a t e r a l  d i s ­
e a s e  a f f e c t i n g  a t  l e a s t  h a l f  a  l o b e  was p r e s e n t .
By t h e  e i g h t h  y e a r  o f  o b s e r v a t i o n ,  90 p e r  c e n t  o f  
t h e  c o n t r o l s  were  d e a d ,  t h e  f i g u r e s  f o r  t h e  t r e a t e d  
c a s e s  b e i n g  l e s s  t h a n  h a l f  t h i s  p e r c e n t a g e .  36 p e r  
c e n t  of  t h e  c a s e s  t r e a t e d  by a r t i f i c i a l  p n e u m o th o ra x  
were c u r e d .
W hile  t h e s e  f i g u r e s  d e m o n s t r a t e  t h e  v a l u e  of  
a r t i f i c i a l  p n e u m o th o ra x ,  t h e  a t t e m p t  t o  e s t a b l i s h  
" c o n t r o l * ’ c a s e s  i n t r o d u c e s  a n  e l e m e n t  of  f a l l a c y  
i n  t h a t  no two c a s e s  of  p u lm o n a ry  t u b e r c u l o s i s  c a n  
be s a i d  t o  be a l i k e  or ev e n  n e a r l y  a l i k e ,  and a t  
H a r e f i e l d  u n d e r  t h e  same k i n d  of  o r d i n a r y  s a n a t o r i u m  
t r e a t m e n t ,  no two a p p a r e n t l y  s i m i l a r  c a s e s  have
e v e r  b e e n  o b s e r v e d  t o  f o l l o w  t h e  same s u b s e q u e n t  
c o u r s e .
I n  v ie w  of  t h e  f a c t ,  t h e r e f o r e ,  t h a t  one c a n  
n e i t h e r  compare  t h e  r e s u l t s  o f  c o l l a p s e  t h e r a p y  
w i t h  u n t r e a t e d  c a s e s  n o r  g a t h e r  a l a r g e  s e r i e s  of  
c a s e s  a l o n e ,  a l l  t h a t  one c a n  hope t o  do i s  t o  r e ­
c o r d  and a r r a n g e  o n e ’s own r e s u l t s ,  and t r u s t  t h a t  
i n  y e a r s  t o  come a l l  t h e  r e s u l t s  of  t h e  many work­
e r s  on t h i s  f o rm  o f  t r e a t m e n t  may be g a t h e r e d  t o ­
g e t h e r  t o  fo rm  i n f o r m a t i v e  and r e l i a b l e  s t a t i s t i c s .
The f o l l o w i n g  t a b l e  shows t h e  r e s u l t s  of  
a r t i f i c i a l  p n e u m o th o ra x  r e l a t i v e  t o  t h e  c o n d i t i o n  
on i n d u c t i o n  i n  c a s e s  c l a s s i f i e d  i n  Groups B 2 and 
B 3 .  T h e se  g r o u p s  and t h e  t e r m s  ’’q u i e s c e n t ’’ and 
" a r r e s t e d ’’ a r e  d e f i n e d  i n  A p p e n d ix  A, t h e  o n l y  
o t h e r  t e r m  r e q u i r i n g  d e f i n i t i o n  b e i n g  "much im proved"  
T h i s  l a t t e r  t e r m  i s  a p p l i e d  t o  c a s e s  i n  w h ich  t h e  
g e n e r a l  h e a l t h  was good,  p h y s i c a l  s i g n s  n o t  
n e c e s s a r i l y  c l e a r e d  up t h o u g h  much d i m i n i s h e d  and  
t u b e r c l e  b a c i l l i  n o t  n e c e s s a r i l y  a b s e n t  f ro m  t h e  
sp u tu m .  The f i g u r e s  i n c l u d e  4 c a s e s  s t i l l  u n d e r  
t r e a t m e n t .
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T A B L E  8.
C o n d i t i o n  o f  c a s e s  i n  w h ich  c o m p l e t e  o r  p a r t i a l  
c o l l a p s e  was o b t a i n e d  (Group B 2 and B 3 ; .
I n  I n
On c e s s a t i o n  o f  S ep te m b e r  December  
c o l l a p s e  t h e r a p y .  1 9 2 8 .  1929 .
Q u i e s c e n t  or  
A r r e s t e d . 5 4 9
Much im p ro v e d . 27 13 11
S t a t i o n a r y . 19 13 5
W o rse . 9 5 3
D ead . 5 29 36
L o s t  s i g h t  o f . — 1 1
The a v e r a g e  p e r i o d  b e tw e e n  abandonm ent  of  
c o l l a p s e  t h e r a p y  and t h e  f i n a l  o b s e r v a t i o n  i n  December1 
1 9 2 9 ,  i s  Z i  y e a r s .  20  o f  t h e  66 c a s e s  a r e  v e r y  
d e f i n i t e l y  im proved  and when i t  i s  rem em bered  t h a t  
most  o f  t h e s e  66 c a s e s ,  a f t e r  a  p e r i o d  o f  s a n a t o r i u m  
| t r e a t m e n t ,  were  c o n s i d e r e d  t o  be d e f i n i t e l y  on t h e  
1 down g r a d e ,  t h e  f a c t  t h a t  3 0  p e r  c e n t  o f  them e i t h e ri
| show no s i g n s  o f  d i s e a s e  o r  a r e  i n  good h e a l t h  a t  t h e  
end  of  a  p e r i o d  o f  y e a r s ,  d e m o n s t r a t e s  t h a t  i n  t h e s e  
c a s e s ,  a t  l e a s t ,  t h e  r e s u l t s  o f  c o l l a p s e  t h e r a p y  a r e  
r e m a r k a b l y  good .  T a b le  8 f u r t h e r  shows t h a t  t h e  
num ber  o f  d e f i n i t e l y  im proved  c a s e s  i n c r e a s e d  s l i g h t l y
d u r i n g  t h e  f i f t e e n  months  s u b s e q u e n t  t o  S e p te m b e r  
1928 ,  and s i n c e  a l l  t h e  c a s e s  had  r e t u r n e d  t o  t h e i r  
home e n v i r o n m e n t  i n  1928  t h e r e  i s  a p p a r e n t l y  no e x ­
p e c t a t i o n  o f  t h e  number o f  im proved  c a s e s  becom ing  
s m a l l e r  i n  f u t u r e  y e a r s .  The d i m i n i s h i n g  numbers  i n  
t h e  " s t a t i o n a r y *  g ro u p  show t h a t  t h e  d i s e a s e  i s  un­
l i k e l y  t o  r e m a i n  s t a t i o n a r y ,  and t h e  l a r g e  number of  
p a t i e n t s  who have  d i e d  r e l a t i v e  t o  t h e  number  im proved  
d e m o n s t r a t e s  t h a t  t h e  few  c a s e s  i n  t h e  “s t a t i o n a r y "  
g ro u p  i n  1929 a r e  more l i k e l y  t o  end i n  d e a t h  w i t h i n  
t h e  n e x t  f ew  y e a r s  t h a n  t o  show im pro v em en t .  The 
m o r t a l i t y  o f  55 p e r  c e n t  i s  v e r y  h i g h  and i t  i s  o f  
i n t e r e s t  t o  make some c o m p a r i s o n  w i t h  t h e  m o r t a l i t y  
a f t e r  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t .  The p u lm o n ary  
t u b e r c u l o s i s  m o r t a l i t y  a f t e r  s a n a t o r i u m  t r e a t m e n t  a t  
K ing  Edward V l l  S a n a t o r i u m ,  M id h u r s t  h as  b e e n  i n -  
| v e s t i g a t e d  by B a r d s w e l l  and Thompson ( 2 1 ) .  I n  
| Groups  2 and 3 a t  M i d h u r s t ,  c o r r e s p o n d i n g  t o  Groups
I B 2 and B 3 o f  t h e  M i n i s t r y  of  H e a l t h  c l a s s i f i c a t i o n ,
I
t h e r e  were  d i s c h a r g e d  848 and 399 p a t i e n t s  r e s p e c t ­
i v e l y .  376 p a t i e n t s  i n  Group 2 and 285 i n  Group 3 
h ad  d i e d  3 t o  4 y e a r s  a f t e r  d i s c h a r g e .  Now i t  
h a p p e n s  t h a t  t h e r e  were  35 c a s e s  i n  Group B 2 and
3 0  c a s e s  i n  Group B 3 i n  t h e  H a r e f i e l d  s e r i e s ,  and 
t h e  M i d h u r s t  s e r i e s  may be made a p p r o x i m a t e l y  com^
[ p a r a b l e  t o  t h e  H a r e f i e l d  s e r i e s  i n  r e s p e c t  of  t h e  
d i s t r i b u t i o n  o f  t h e  t o t a l  number  o f  p a t i e n t s  b e tw e e n  
t h e  two g r o u p s ,  by  h a l v i n g  t h e  number  o f  p a t i e n t s  
and o f  d e a t h s  i n  Group 2 ,  m aking  424 p a t i e n t s  and 
188 d e a t h s .  By a d d i n g  t h e  f i g u r e s  o f  Group 3 t o  
t h e s e  " c o r r e c t e d "  f i g u r e s ,  we have  a t o t a l  o f  823 
p a t i e n t s  and 473 d e a t h s  i n  Groups  2 and 3 of  t h e  
M id h u r s t  s e r i e s .  I t  h a p p e n s ,  f o r t u i t o u s l y ,  t h a t  t h e  
number  o f  y e a r s  b e tw e e n  d i s c h a r g e  o r  c e s s a t i o n  o f  
t r e a t m e n t  and t h e  f i n a l  o b s e r v a t i o n ,  i s  t h e  same i n  
b o t h  t h e  H a r e f i e l d  and t h e  M id h u r s t  s e r i e s .  From 
t h e  above  f i g u r e s ,  i t  i s  c a l c u l a t e d  t h a t  57 p e r  c e n t  
o f  t h e  M id h u r s t  c a s e s  who had r e c e i v e d  o r d i n a r y  
t r e a t m e n t  had d i e d  a t  t h e  end o f  a  p e r i o d  of  3 t o  4 
y e a r s  a f t e r  d i s c h a r g e ,  a s  com pared  w i t h  55 p e r  c e n t  
I o f  t h e  H a r e f i e l d  c a s e s  a f t e r  c e s s a t i o n  of  a r t i f i c i a l  
| p n e u m o th o ra x  t r e a t m e n t .  I n  o t h e r  w o rd s ,  t h e  m o r t a l ­
i t y  i n  t h e  two s e r i e s  i s  a p p r o x i m a t e l y  t h e  same.  I t  
s h o u l d  be a d d e d ,  how eve r ,  t h a t  t h e  s o c i a l  c o n d i t i o n  
o f  t h e  M id h u r s t  c a s e s  was r e l a t i v e l y  good ,  t h e  
^ w o rk in g  o r  i n d u s t r i a l  c l a s s e s  * t o  q u o t e  B a r d s w e l l ,
n o t  b e i n g  e l i g i b l e  f o r  t r e a t m e n t  a t  M i d h u r s t .  
W o r k i n g - c l a s s  p a t i e n t s ,  how eve r ,  f o rm  t h e  b u l k  o f
j
| t h e  c a s e s  t r e a t e d  a t  H a r e f i e l d ,  and t o  q u o te  a g a i n
|
| f r o m  B a r d s w e l l  and Thompson*s r e p o r t ,  " t h e  b e t t e r  
t h e  f a c i l i t i e s  f o r  l i v i n g  u n d e r  good c o n d i t i o n s ,  t h e  
more h o p e f u l  t h e  p r o s p e c t s  o f  r e c o v e r y " .  The 
H a r e f i e l d  c a s e s ,  t h e r e f o r e  r e t u r n e d  t o  w orse  co n ­
d i t i o n s  t h a n  t h e  M id h u r s t  c a s e s ,  so  t h a t  t h e  c o n ­
c l u s i o n  i s  t h a t  t h e  m o r t a l i t y ,  a f t e r  a r t i f i c i a l  
p n eu m o th o ra x  t r e a t m e n t ,  o f  p a t i e n t s  r e t u r n i n g  t o  
r e l a t i v e l y  bad  home c o n d i t i o n s  i s  s i m i l a r  t o  t h a t ,  
a f t e r  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t ,  o f  p a t i e n t s  
r e t u r n i n g  t o  r e l a t i v e l y  good home c o n d i t i o n s .  T h a t  
i s  t o  s a y ,  o t h e r  t h i n g s  b e i n g  e q u a l ,  t h e  m o r t a l i t y  
j a f t e r  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  i s  somewhat 
l e s s  t h a n  t h a t  a f t e r  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t .
An e x c e l l e n t  i n d e x  of  t h e  r e s u l t  of  a n y  t r e a t -
! ment o f  p u lm o n a ry  t u b e r c u l o s i s  i s  t h e  f i t n e s s  f o r
w ork  of  p a t i e n t s ,  s e v e r a l  y e a r s  a f t e r  t h e  c e s s a t i o n
| of  t r e a t m e n t .  T a b le  9 d e a l s  w i t h  t h e  f i t n e s s  f o r
i  work i n  1929 ,  o f  a l l  c a s e s  a t  H a r e f i e l d  i n  w h ic hI w
j a r t i f i c i a l  p n e u m o th o ra x  was a t t e m p t e d .  The c a s e s
- 1 3 1 -
a r e  d i v i d e d  i n t o  f o u r  g r o u p s ,  n a m e ly ,  c a s e s  w i t h  
good c o l l a p s e  w i t h o u t  a d h e s i o n s ,  c a s e s  w i t h  good 
c o l l a p s e  a d h e s i o n s  b e i n g  p r e s e n t ,  c a s e s  w i t h  p a r t i a l  
c o l l a p s e  t h e  r e s u l t  o f  a d h e s i o n s ,  and c a s e s  i n  w h ic h  
a d h e s i o n s  p r e v e n t e d  an y  c o l l a p s e  b e i n g  o b t a i n e d ,
T A B L E  9.
Good c o l l -  Good c o l l -  P a r t i a l  No c o l l ­
a p s e ,  no a p s e .  c o l l a p s e ,  a p s e .
a d h e s i o n s .  A d h e s i o n s .  A d h e s i o n s , ABhes1 o n b .
P i t  f o r  w ork .  13
U n f i t  f o r  w o rk .  1
D e ad .  11
L o s t  s i g h t  o f .  -
T o t a l  25
3
4 
10
6
6
15
1
2
4
20
4
17 28 30
| Owing t o  t h e  f a c t  t h a t  a  c o m p a r a t i v e l y  s m a l l
j
j number  of  c a s e s  have  b e e n  d i v i d e d  i n t o  many d i f f -|
| e r e n t  g r o u p s ,  i t  i s  d i f f i c u l t  t o  d raw  an y  r e l i a b l e
i
| g e n e r a l  c o n c l u s i o n s  f ro m  t h e  above  t a b l e .  I t  i s  
i  o b v i o u s ,  h o w e v e r ,  t h a t  more t h a n  h a l f  t h e  c a s e s  i n  
[ w h ic h  good c o l l a p s e  w i t h o u t  a d h e s i o n s  was o b t a i n e d  
I a r e  f i t  f o r  work a t  t h e  moment.  On t h e  o t h e r  h an d ,
tw o—t h i r d s  o f  t h e  c a s e s ,  i n  w hich  no c o l l a p s e  was 
o b t a i n e d  owing t o  t h e  p r e s e n c e  o f  a d h e s i o n s ,  a r e  
d e a d ,  and o n l y  2 a r e  f i t  f o r  work* T h e re  i s  l i t t l e  
t o  c h o o s e  b e t w e e n  t h e  r e s u l t s  i n  t h e  two c e n t r a l  
c o l u m n s ,  b u t  i t  i s  n o t e w o r t h y  t h a t  r e l a t i v e  t o  t h e  
r e s u l t s  i n  t h e  f i r s t  co lum n ,  t h e  f i t n e s s  f o r  work 
a s  i n d i c a t e d  i n  t h e s e  c e n t r a l  c o lu m n s  i s  l e s s  and 
t h e  m o r t a l i t y  i s  g r e a t e r ,  and t h a t  r e l a t i v e  t o  t h e  
f o u r t h  c o lum n ,  t h e  f i t n e s s  f o r  work  i s  g r e a t e r  and 
t h e  m o r t a l i t y  l e s s ,
Saugman and G r a v e s e n  ( 2 2 )  g i v e  a n  a n a l y s i s  of  
211 " t h i r d - s t a g e "  c a s e s ,  two t o  t w e l v e  y e a r s  a f t e r  
d i s c h a r g e ,  and T a b l e  10  shows t h e i r  r e s u l t s  
a r r a n g e d  s i m i l a r l y  t o  t h e  H a r e f i e l d  r e s u l t s  i n  
T a b le  9*
T A B L E  10,
Good C o l l — Good c o l l -  P a r t i a l  No c o l l  
ap se*  No a p s e .  c o l l a p s e . :  a p s e ,
a d h e s i o n s .  A d h e s i o n s .  Ad he s i  ons *Adhesi  o|ns.
P i t  f o r  w ork .  35 14 5 9
U n f i t  f o r  w ork .  1 -  -  3
D ead .  12 28 40 63
L o s t  s i g h t  o f .  1 -  -  2
T o t a l .  47 42 45 77
On c o m p a r i s o n  w i t h  T a b le  9 ,  i t  appear®  t h a t  
t h e  m o r t a l i t y  i n  t h e  s e r i e s  o f  Saugman and G r a v e -  
s e n  was h i g h e r  t h a n  t h a t  i n  t h e  H a r e f i e l d  s e r i e s ,  
t h o u g h  i n  t h e  f i r s t  co lum n t h e y  o b t a i n e d  a  g r e a t e r  
p e r c e n t a g e  o f  c a s e s  f i t  f o r  w o rk .  The h i g h e r  
m o r t a l i t y  may be e x p l a i n e d  by  t h e  f a c t s  t h a t  t h e  
D a n i s h  c a s e s  w ere  more a d v a n c e d  on i n d u c t i o n  and 
t h a t  t h e  f i n a l  o b s e r v a t i o n  t o o k  p l a c e  f ro m  two t o  
t w e l v e  y e a r s  a f t e r  d i s c h a r g e ,  a s  com pared  w i t h  
f r o m  one t o  f i v e  y e a r s  i n  t h e  H a r e f i e l d  s e r i e s .
The l a r g e r  number  o f  p a t i e n t s  f i t  f o r  work a s  j
r e c o r d e d  i n  t h e  f i r s t  co lum n i n  T a b le  10  i s  p o s s i b ­
l y  due  a l s o  t o  t h e  l o n g e r  p e r i o d  b e tw e e n  t r e a t m e n t  
a n d  f i n a l  o b s e r v a t i o n ,  f o r  i t  h a s  a l r e a d y  b e en  
n o t e d  i n  T a b le  8  t h a t  t h e  number o f  d e f i n i t e l y  
im p ro v ed  H a r e f i e l d  c a s e s  i n c r e a s e d  s l i g h t l y  d u r i n g  
t h e  f i f t e e n  months  s u b s e q u e n t  t o  S ep te m b e r  19BS#
I t  i s  p o s s i b l e ,  t h e n ,  t h a t  w i t h i n  d e f i n i t e  l i m i t ®  
t h e  number o f  im p ro v ed  c a s e s  may c o n t i n u e  t o  
i n c r e a s e  s l i g h t l y  a s  t i m e  goes  on.
From T a b l e s  9 and 10 i t  i s  c l e a r  t h a t ,  t h e  
g r e a t e r  t h e  number of  a d h e s i o n s  p r e s e n t  and i n  
c o n s e q u e n c e  t h e  s m a l l e r  t h e  c o l l a p s e  o b t a i n e d ,  t h e  j
l e s s  c h a n c e  t h e r e  i s  o f  f i t n e s s  f o r  work  b e i n g  
a t t a i n e d  and t h e  g r e a t e r  c h a n c e  t h e r e  i s  o f  d e a t h  
o c c u r r i n g .
T a b l e  11 shows t h e  f i r s t  h u n d r e d  c a s e s  of  
a r t i f i c i a l  p n e u m o th o ra x  c a s e s  g r o u p e d  a c c o r d i n g  t o  
t h e  c o n d i t i o n  on i n d u c t i o n ,  d i v i d e d  a c c o r d i n g  t o  t h e  
d e g r e e  o f  c o l l a p s e  o b t a i n e d ,  and f u r t h e r  s u b - d i v i d e d  
a c c o r d i n g  t o  t h e  c h a n g e  i n  c o n d i t i o n  i n  1929 r e l ­
a t i v e  t o  t h e  c o n d i t i o n  on i n d u c t i o n .  F o u r  c a s e s  
l o s t  s i g h t  o f  a r e  i n c l u d e d  i n  T a b le  11 and one s u c h  
c a s e  i n  T a b l e s  12  and 13 ,  t h e  c o n d i t i o n  o f  e a c h  o f  
t h e s e  c a s e s  b e i n g  r e c o r d e d  a s  t h a t  o b s e r v e d  on t h e  
o c c a s i o n  o f  t h e  l a s t  e x a m i n a t i o n *
T A B L E  1 1 .
A. B l .  B2. B3. T o t a l .
GOOD COLLAPSE.
Im p ro v e d .  -  -  13 2 15
No m a t e r i a l  im provem en t  1 1 4 -  6
D e a d .  7 14 21
PARTIAL COLLAPSE.
I m p r o v e d .  2 - 4 1  7
No m a t e r i a l  im provem en t  1 - 3 2  6
D e ad .  4 11 15
NO COLLAPSE.
I m p r o v e d . — -  2 2
No m a t e r i a l  im provem en t  - - 4 4  8
D ead .  2 -  8  10  20
The f i g u r e s  r e l a t i n g  t o  Groups  A and B1 a r e  v e r y  
s m a l l ,  b u t  i t  i s  n o t e w o r t h y  t h a t  b o t h  c a s e s  i n  w hich  
no c o l l a p s e  was o b t a i n e d  a r e  now d e a d ,  and t h a t  no 
d e a t h s  o c c u r r e d  i n  t h e  f i v e  c a s e s  i n  w h ic h  e i t h e r  
c o m p l e t e  o r  p a r t i a l  c o l l a p s e  was o b t a i n e d .  Of t h e  
r e m a i n i n g  g r o u p s ,  t h e  b e t t e r  r e s u l t s  a r e  fo u n d  i n  
Group B2:, e s p e c i a l l y  s o  when good c o l l a p s e  h a s  b e e n  
a c h i e v e d .  The r e s u l t s  i n  Group B3 a r e  v e r y  p o o r ,  t h e  
m o r t a l i t y  b e i n g  v e r y  h e a v y ,  b u t  i t  i s  d o u b t f u l  i f  any
o f  t h e  B3 c a s e s  would be a l i v e  now i f  a r t i f i c i a l  
p n e u m o th o ra x  had  n o t  b e e n  i n s t i t u t e d .  T w o - t h i r d s  
o f  t h e  c a s e s  i n  w h ich  no c o l l a p s e  was o b t a i n e d  a r e  
i d e a d ,  t h e  m o r t a l i t y  i n  t h e  s u c c e s s f u l l y  c o l l a p s e d  
c a s e s  b e i n g  c o n s i d e r a b l y  l e s s .  T h i s  d e m o n s t r a t e s  
t h a t  w h i l e  a r t i f i c i a l  p n e u m o th o ra x  f a i l s  i n  many 
c a s e s ,  i t  i s  o f  v e r y  d e f i n i t e  v a l u e  i n  many o t h e r s .
^ A T £  o f f  C A S f S  h / / T / t  o f f  / A ' j t t s c  -T J O A j a s
w r #  T W 4 - r  O f?  C A S 0 S  o f f  U V I t - A  J S  S f f t J h f f /  f / v  T f f B i - M  > g ,  T J f e -  f f f A s A i -
osieKvA-r‘o>y */f)s /*/ ’Z>ece*rB£v /9 ? ‘f ,  o f t - i ?  success fo iu .'r  eeu-Aj*5ej> case’s  fV £  w>t/s .
T A B L E  1 8 .
B i l a t e r a l  d i s e a s e .  U n i l a t e r a l  d i s e a s e  
No. P e r  c e n t .  No. P e r  c e n t
I m p r o v e d .  6  25  16 35
No m a t e r i a l
i m p ro v e m e n t .  3 1 2 . 5  9 19
D e ad .  15  6 2 . 5  21 46
These  f i g u r e s ,  a s  one would  e x p e c t ,  show t h a t  
c a s e s  w i t h  u n i l a t e r a l  d i s e a s e  g i v e  b e t t e r  r e s u l t s  
w i t h  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  t h a n  do t h e  
b i l a t e r a l  c a s e s .
T h e o r e t i c a l l y ,  t h e  e f f e c t s  o f  p l e u r a l  e f f u s i o n  
may be  b e n e f i c i a l  i n  t h a t  t h e  f l u i d  a s s i s t s  i n  k e e p ­
i n g  t h e  l u n g  c o l l a p s e d  s o  t h a t  r i s k  o f  e x p a n s i o n  
d u r i n g  t h e  r e f i l l  i n t e r v a l s  i s  d i m i n i s h e d .  F u r t h e r ,
j a  f r e q u e n t  r e s u l t  o f  p l e u r a l  e f f u s i o n  i s  p l e u r a l
I
I t h i c k e n i n g  w h ic h  may s t r e n g t h e n  t h e  m e d i a s t i n a l  
p a r t i t i o n  and s o  p r e v e n t  h a r m f u l  m e d i a s t i n a l  d i s ­
p l a c e m e n t .  A f u r t h e r  a d v a n t a g e  of  f l u i d  d e v e lo p m e n t
i
! i s  t h a t  f e w e r  r e f i l l s  a t  l e s s  f r e q u e n t  i n t e r v a l s  
a r e  n e c e s s a r y .  On t h e  o t h e r  h a n d ,  t h e r e  a r e  d e f i n -  
| i t e  d i s a d v a n t a g e s  s u c h  as  d y s p n o e a  due t o  p r e s s u r e  
i of  t h e  f l u i d ,  s y s t e m i c  d i s t u r b a n c e s  and t h e  r i s k  of  j 
| s e c o n d a r y  i n f e c t i o n  o f  t h e  f l u i d .  Saugman ( 2 3 )
f o u n d  t h a t  c a s e s  w i t h o u t  p l e u r a l  e f f u s i o n  d i d  v e r y
/
s l i g h t l y  b e t t e r  t h a n  t h ^ a s e s  i n  w h ich  f l u i d  
d e v e l o p e d .  Of h i s  c a s e s  w i t h  e f f u s i o n ,  37 p e r  c e n t  
were  f i t  f o r  work and 58 p e r  c e n t  were  d e a d ,  w h i l e  
o f  t h e  c a s e s  w i t h o u t  e f f u s i o n  40  p e r  c e n t  were f i t  
f o r  work  and 53 p e r  c e n t  were d e a d .  The f o l l o w i n g  
| t a b l e  shows t h e  r e s u l t s  i n  1929 o f  t h e  s u c c e s s f u l l y  
j c o l l a p s e d  c a s e s  a t  H a r e f i e l d ,  d i v i d e d  a c c o r d i n g  
t o  t h e  p r e s e n c e  oT  a b s e n c e  o f  e f f u s i o n .
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T A B L E  12.
W ith  E f f u s i o n ,  W i t h o u t  E f f u s i o n .
No. P e r  c e n t .  No. P e r  c e n t .
I m p r o v e d .  7 .  38 15 39
No m a t e r i a l
im provem en t  . 3 9 9 24
D e ad .  22 69 14 37 I
I t  i s  c l e a r  t h a t  i n  t h e  H a r e f i e l d  c a s e s ,  t h e  
d e v e lo p m e n t  o f  f l u i d  d u r i n g  a r t i f i c i a l  p n e u m o th o ra x  
had  v e r y  d e f i n i t e  d e t r i m e n t a l  e f f e c t s  on t h e  r e s u l t s  
o f  t r e a t m e n t .  A l t h o u g h  t h e  H a r e f i e l d  c a s e s  a r e  n o t  
s t r i c t l y  c o m p a r a b l e  w i t h  t h o s e  o f  Saugman, i t  i s  
o b v i o u s  t h a t  w h i l e  l i t t l e  d i f f e r e n c e  i n  t h e  f i n a l  
c o n d i t i o n  o f  Saugman*s c a s e s  i s  n o t e d  r e l a t i v e  t o  
p r e s e n c e  o r  a b s e n c e  o f  f l u i d  i n  t h e s e  c a s e s ,  t h e r e  
i a  a  m arked  d i f f e r e n c e  b e tw e e n  s u c h  H a r e f i e l d  r e ­
s u l t s .
The e x p l a n a t i o n ,  p o s s i b l y ,  i s  t h a t  Saugman has  
i n c l u d e d  i n  h i s  " w i t h  e f f u s i o n "  r e s u l t s ,  t h e  r e s u l t s  
of  t h o s e  c a s e s  I n  w h ich  a  t r a n s i e n t  e f f u s i o n  o c c u r r e d  
As m e n t io n e d  e a r l i e r  i n  t h i s  s e c t i o n ,  i t  i s  p r o b a b l e  
t h a t  most  a r t i f i c i a l  p n e u m o th o ra x  c a s e s  d e v e l o p  a 
s l i g h t  amount of  f l u i d  w h ich  p e r s i s t s  f o r  a few d a y s  
o n l y .  Such  t r a n s i e n t  e f f u s i o n s  i n  t h e  H a r e f i e l d
c a s e s  a r e  d i s r e g a r d e d ,  s o  f a r  a s  c l a s s i n g  c a s e s  a c c ­
o r d i n g  t o  t h e  p r e s e n c e  o r  a b s e n c e  o f  f l u i d  i s  c o n -
!
j c e r n e d .  T h a t  i s  t o  s a y ,  many of  Saugman*s f a v o u r a b l e  
I c a s e s  would be  c l a s s e d  as  h a v i n g  had e f f u s i o n ,  w h i l e
I
| o f  t h e  H a r e f i e l d  s e r i e s  s i m i l a r  f a v o u r a b l e  c a s e s  a r e  
I c l a s s e d  a s  n o t  h a v i n g  had e f f u s i o n .I
A" summary o f  t h e  f i r s t  h u n d re d  a r t i f i c i a l  pneumo 
t h o r a x  c a s e s  a t  H a r e f i e l d  S a n a t o r i u m  i s  g i v e n  i n  
A p p e n d ix  B. T h i s  summary d e a l s  w i t h  t h e  s a l i e n t  
f e a t u r e s  o f  e a c h  i n d i v i d u a l  c a s e ,  b e f o r e ,  d u r i n g  and 
a f t e r  t r e a t m e n t .  The f o l l o w i n g  c a s e s  a r e  d e s c r i b e d  
i n  d e t a i l  i n  o r d e r  t o  i l l u s t r a t e  s o  f a r  a s  p o s s i b l e  
t h e  v a r i o u s  c o n d i t i o n s ,  c o m p l i c a t i o n s  and r e s u l t s  met 
w i t h  i n  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t .
The c a s e  numbers  c o r r e s p o n d  w i t h  t h o s e  o f  t h e  
| g e n e r a l  summary i n  A p p en d ix  B.
| CASE 7 .  F em a le .  Aged 25 y e a r s  on a d m i s s i o n  on
j 1 0 .  9 .  25 .  C l e r k .  She had b e e n  d i s c h a r g e d  f ro m
i
| H a r e f i e l d  S a n a t o r i u m  2 y e a r s  e a r l i e r  a f t e r  o r d i n a r y  
s a n a t o r i u m  t r e a t m e n t .  She  had  b e e n  w o rk in g  i n  t h e  
i n t e r v a l  b u t  b e f o r e  r e - a d m i s s i o n  had l o s t  w e i g h t  and 
c o m p la in e d  of  cough ,  b r e a t h l e s s n e s s ,  c h e s t  p a i n s  and 
n i g h t  s w e a t s .  H aem o p ty s is  i n  1919 was t h e  f i r s t
symptom o f  p u lm o n a ry  t u b e r c u l o s i s .
On r e - a d m i s s i o n ,  t h e  g e n e r a l  c o n d i t i o n  was 
p o o r .  T u b e r c l e  b a c i l l i  were  fo u n d  i n  t h e  sp u tu m .
I n  t h e  r i g h t  l u n g ,  d u l l n e s s  was p r e s e n t  t h r o u g h o u t  
and  t u b u l a r  b r e a t h i n g  and c o a r s e  c r e p i t a t i o n s  w ere  j 
h e a r d  i n  a l l  l o b e s .  At t h e  l e f t  a p e x ,  t h e  abnorm al  
s i g n s  w ere  s l i g h t  d u l l n e s s ,  h a r s h  i n s p i r a t o r y  sound  
and f i n e  c r e p i t a t i o n s .
S e v e n  weeks  l a t e r ,  t h e  s i g n s  w e r e ,  d u l l n e s s  
s p e c i a l l y  m arked  a t  r i g h t  a p e x ,  medium c r e p i t a t i o n s  
i n  a l l  l o b e s  of  t h e  r igh t  l u n g  and most  numerous  i n  j 
u p p e r  l o b e .  The l e f t  lung was a p p a r e n t l y  c l e a r  
e x c e p t  f o r  a  group of f ine  c rep i ta t ion s  i n  t h e  r e g i o n  
o f  t h e  f i r s t  l e f t  s te rnoop i ta l  a r t i c u l a t i o n .  R a d i o ­
g r a p h y  showed widespread disease i n  r i g h t  l u n g ,  t h e  
a p e x  of l e f t  l u n g ,  too, being d e f i n i t e l y  i n v o l v e d .
The temperature was o sc i l l a t in g ,  on a n  a v e r a g e ,  
b e t w e e n  10Q°F. and 1 0 g ° I \
Without co lla p se  therapy, the prognosis was bad,, 
Induction was performed on the r igh t s id e  on
2 . 11. 25, follow ed by 11 r e f i l l s .  The in tra p leu ra l|
|
p r e s s u r e s  b e f o r e  I n s e r t i n g  a i r ,  t h e  amount o f  a i r  |
i n s e r t e d  and t h e  f i n a l  i n t r a p l e u r a l  p r e s s u r e s  a r e
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g i v e n  b e lo w .  P r e s s u r e s  a r e  g i v e n  i n  c e n t i m e t r e s  o f  
w a t e r  and t h e  amount  o f  a i r  i n  c u b i c  c e n t i m e t r e s .  
DATE INITIAL PRESSURES. AIR. FINAL PRESSURES.
5 . 1 1 . 2 5 . - 27 — 10 cm. 350 c . c . — 16 — 5 cm,
5 . 1 1 . 2 5 . - 21 - 5 cm. 340 c . c » - 11 — 1 cm,
7 , 1 1 . 2 5 . 18 — 5 cm. 400 c . c . — 10 — 2 cm.
1 0 . 1 1 . 25 . — 15 — 4 cm. 400 c . c . - 7 0 cm.
1 4 . 1 1 . 2 5 . - 15 — 3 cm. 400 c . c . — 9 0 cm.
1 9 . 1 1 . 2 5 . - 12 - 1 cm. 400 c . c . — 4 Q cm.
2 6 . 1 1 . 2 5 . - 13 - 1 cm. 4 0 0 c . c . — 4 0 cm.
5 . 1 2 . 25 . — 15 - 1 cm. 550 c . c . — 6 -f- 2 cm.
1 9 . 1 2 . 2 5 . - 10 + 1 cm. 350 c . c . — 2 + 6 cm.
9 . 1 . 2 6 . - 9 + 2 cm. 900 c . c . - 3 3 cm.
1 9 . 1 . 2 6 . — 7 + 3 cm. 200 c . c . 0 ~ t  10 cm.
2 5 . 1 . 2 6 . 3 *#” 6 cm. 100 c . c . 0 8 cm.
The d e v e l o p m e n t  o f  f l u i d  was d i s c o v e r e d  on 8 .  1 2 .  
2 5 .  The a c c u m u l a t i o n  of  t h i s  f l u i d  c a u s e d  t h e  h i g h e r  
i n i t i a l  p r e s s u r e s  f o u n d  a t  r e f i l l s  s u b s e q u e n t  t o  t h a t  
d a t e .  On 9 .  1 .  2 6 ,  1700 c u b i c  c e n t i m e t r e s  o f  f l u i d  
w ere  a s p i r a t e d  and r e p l a c e d  w i t h  900 c u b i c  c e n t i m e t r e s  
of  a i r ,  b u t  f l u i d  c o n t i n u e d  t o  accum ula te .
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Chart 1. shows a f a l l  of temperature a t  the end 
of the  f i r s t  th ree  weeks a f t e r  induc t ion ,  the temp­
e r a t u r e  becoming p r a c t i c a l l y  normal. The arrows 
in d ic a t e  the  days on which induc t ion  or r e f i l l  was 
performed. An a t t a c k  of p le u r i s y  with e f fu s io n  
followed the r e f i l l  on 5. 12. 25, the temperature 
r i s i n g  to  100.4°F, t h a t  evening and l a t e r  r i s i n g
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much h i g h e r .  T h e r e a f t e r ,  t h e  p a t i e n t  became p r o ­
g r e s s i v e l y  w o rse  and  d i e d  on 1 3 .  2 .  2 6 .  A c h i l l  
c o n t r a c t e d  a t  t h e  t i m e  o f  t h e  r e f i l l  o p e r a t i o n ,  t h e  
p a t i e n t  b e i n g  i n  a  v e r y  weak c o n d i t i o n ,  may have  
c a u s e d  t h e  p l e u r i s y  on 5 .  1 2 . 2 5 ,  o r  i t  may be t h a t  
t h e  i n c r e a s e d  f i n a l  p r e s s u r e  on t h a t  d a t e  a s  com­
p a r e d  w i t h  p r e v i o u s  p r e s s u r e s ,  was t h e  c a u s e  o f  a  
p l e u r a l  i r r i t a t i o n  f o l l o w e d  by  p l e u r i s y  w i t h  e f f u s i o n  
W h a te v e r  t h e  c a u s e ,  t h e  p l e u r i s y  d o u b t l e s s  c a u s e d  t h e  
d e a t h  o f  t h e  p a t i e n t  who b e f o r e  t h e  o n s e t  o f  t h i s  
c o m p l i c a t i o n  had  showed some s i g n s  o f  b e n e f i t i n g  
f r o m  c o l l a p s e  t h e r a p y .
An a u t o p s y  was p e r fo r m e d  and D ia g ra m  G i l l u s ­
t r a t e s  t h e  c o n d i t i o n  of  t h e  l u n g s  p o s t - m o r t e m .  The
a r t i f i c i a l  p n e u m o th o ra x  c o l l a p s e  was p r a c t i c a l l y
.
c o m p l e t e ,  and t h e  r i g h t  p l e u r a l  c a v i t y  was h a l f  f u l l  
o f  t h i n  y e l l o w i s h —g r e e n  t u r b i d  f l u i d .  No o r g a n i s m s ,  
o t h e r  t h a n  t u b e r c l e  b a c i l l i ,  were  fo u n d  i n  t h i s  f l u i d  
A c o r e  o f  l u n g  p e r s i s t e d  i n  t h e  c o n i c a l  a d h e s i o n  
a l m o s t  a s  f a r  a s  t h e  a t t a c h m e n t  o f  t h e  l a t t e r  t o  t h e  
p a r f t ^ a l  p l e u r a .  The c o l l a p s e d  l u n g  was v e r y  e x ­
t e n s i v e l y  i n f i l t r a t e d  w i t h  t u b e r c u l o s i s  and m u l t i p l e  
s m a l l  c a v i t i e s  c o n t a i n i n g  t u b e r c u l o u s  p u s  were f o u n d .
~D I A G R A  n G.
C a s e  7.
~ P 0 S T - M O - R T E  M  Fl NJ >I NQS .
©
@
A. y >£-*ICA'R?>IA L £FFUSlOrt . No T  US £  * f  c  l. e  s .
23. £ x 'PeKl- 1?/?<)NCHIAL. T(/-B£T?COLA7Z /A/£ILTT^AT/OA/
/VVOLV/A/Cj VJHOL £  (JT -^PGTp L<)J5£.
C .  L. o cAi- IS&J? -J>jS£AS£  / V  uow£K lo& £.
JF>. F ’l.FU'KAL £ ££(/StO A / .
El, C oaj/ cal . a^> h  £  sjoa/  .
R  S L £ A /J > £ 7 S ,  B A a J ^ O  A J ? H £ S ' O A / '
Gr. C ol.l a tse?? ll/ajg, .
H  '] £ > £ A /S £  A ) J > * £ S I o A /S  /A /  '7 yO S T £ 7 Z l O 'K  M £ J > J A  S  T / A J A  L.
C A v r  -rY .
- 1 4 5 -
The w h o le  m e d i a s t i n u m  was d i s p l a c e d  t o w a r d s  t h e  l e f t  
s i d e .  C o n s i d e r a b l e  f i b r o s i s  had a l r e a d y  o c c u r r e d  i n  
t h e  c o l l a p s e d  l u n g  and most  o f  t h e  a l v e o l a r  s p a c e s  
h ad  b e e n  o b l i t e r a t e d .  The d e v e lo p m e n t  o f  f i b r o u s  
t i s s u e  i n  t h e  l u n g  a f t e r  o n l y  15 weeks  o f  c o l l a p s e  i s  
i n t e r e s t i n g ,  b e c a u s e  one o f  t h e  p r i m a r y  a im s  o f  p u l ­
monary  c o l l a p s e  i s  t o  e n c o u r a g e  f i b r o s i s  i n  t h e  d i s ­
e a s e d  l u n g ,  and t h e  e a r l i e r  f i b r o u s  t i s s u e  d e v e l o p s  
and t h e  w i d e r  i t  s p r e a d s ,  t h e  g r e a t e r  c h a n c e  t h e r e  
i s  o f  s a t i s f a c t o r y  h e a l i n g  t a k i n g  p l a c e .
The p r e s e n c e  o f  l u n g  t i s s u e  i n  t h e  c o n i c a l  a d ­
h e s i o n  shows t h a t  t r e a t m e n t  o f  a d h e s i o n s  b y  d i v i s i o n  
i s  n o t  w i t h o u t  d a n g e r ,  b e c a u s e  i f  t h i s  p a r t i c u l a r  
a d h e s i o n  had  b e e n  d i v i d e d ,  l u n g  t i s s u e  would  have  
b e e n  i n j u r e d  and  a  s e c o n d a r y  i n f e c t i o n  o f  t h e  p l e u r a l  
c a v i t y  would p r o b a b l y  hav e  r e s u l t e d .  Haemorrhage  
f r o m  t h e  wounded o r g a n ,  t o o ,  m ig h t  have  b e e n  v e r y  
c o n s i d e r a b l e  and p o s s i b l y  f a t a l .
CASE 9 .  F e m a l e .  Aged 25 y e a r s  on a d m i s s i o n  t o  
H a r e f i e l d  S a n a t o r i u m  on 2 7 .  7 .  2 5 .  Shop a s s i s t a n t .  
She h a d  an  a t t a c k  o f  b r o n c h i t i s  i n  1921* B i g h t  
a r t i f i c i a l  p n e u m o th o ra x  was i n d u c e d  a t  Brom pton  
H o s p i t a l  i n  1922 f o r  b r o n c h i e c t a s i s .  T u b e r c l e  b a c i l l
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w ere  f o u n d  i n  t h e  s p u tu m  i n  1 9 2 3 .  R e f i l l s  were  
d i s c o n t i n u e d  i n  1925 .
On a d m i s s i o n ,  g e n e r a l  c o n d i t i o n  was good ,  t h e  
t e m p e r a t u r e  n o r m a l ,  s l i g h t  s p u tu m  and d y s p n o e a  
p r e s e n t .  The w e i g h t  was 6 s t o n e s  7 p o u n d s .  D u l l ­
n e s s  and medium c r e p i t a t i o n s  were  fo u n d  i n  t h e  l e f t  
u p p e r  l o b e  and s i g n s  o f  o l d  p l e u r i s y  a t  t h e  b a s e  of  
e a c h  l u n g .  On 16 .  1 1 .  2 5 ,  t h e  cough  was t r o u b l e s o m e ,  
an  a v e r a g e  o f  30  c u b i c  c e n t i m e t r e s  of  sp u tu m  were  
e x p e c t o r a t e d  d a i l y  and t h e  sp u tu m  was o c c a s i o n a l l y  
b l o o d - s t a i n e d .  The p u lm o n a ry  s i g n s  were u n c h a n g e d .
On 1 6 .  2 .  2 5 ,  t h e  w e i g h t  was 7 s t o n e s  3 p o u n d s .  P e r ­
s i s t e n t  " s t a i n i n g "  had b e e n  p r e s e n t  f o r  f o u r  w eeks .
I n  a d d i t i o n  t o  s i g n s  a l r e a d y  f o u n d ,  p o s t - t u s s i v e  
c r e p i t a t i o n s  were  h e a r d  a t  b o t h  b a s e s ,  more numerous  
a t  t h e  l e f t .  W i th  a v ie w  t o  o b t a i n i n g  c e s s a t i o n  of  
" s t a i n i n g " ,  a low p r e s s u r e  a r t i f i c i a l  p n e u m o th o ra x  
was c o n s i d e r e d  n e c e s s a r y .  I t  was i m p o s s i b l e  t o  
d e c i d e  w h ic h  l u n g  was r e s p o n s i b l e  f o r  t h e  " ' s t a i n i n g " ,  
b u t  a s  t h e  l e f t  l u n g  was more e x t e n s i v e l y  d i s e a s e d  
t h a n  t h e  o t h e r ,  t h i s  l u n g  was c h o s e n  f o r  c o l l a p s e .
On 1 3 .  4 .  2 6 ,  p n e u m o th o ra x  was in d u c e d  on t h e  
l e f t  s i d e .  The a v e r a g e  e v e n i n g  t e m p e r a t u r e  r o s e  t o
9 9 ° F .  f o r  a  f o r t n i g h t ;  t h e r e a f t e r  i t  was n o r m a l .  
B l o o d - s t a i n i n g  o f  t h e  sp u tu m  c e a s e d  s i x  weeks a f t e r  
i n d u c t i o n .  On 2 9 .  6.  2 6 ,  c r e p i t a t i o n s  w ere  s t i l l  
a u d i b l e  a t  t h e  r i g h t  b a s e .  The w e i g h t  was 7 s t o n e s  
2 p o u n d s ,  t h e  p a t i e n t  was a b l e  t o  t a k e  w a l k i n g  ex­
e r c i s e  and on t h e  w h o le ,  t h e  p r o g r e s s  was s a t i s f a c t ­
o r y .  On 2 8 .  9 .  26,  t h e  t e m p e r a t u r e  was n o r m a l ,  
" s t a i n i n g "  had  r e c u r r e d  and had b e e n  p e r s i s t e n t  f o r  
t h r e e  w e e k s .  The s p u tu m  was s l i g h t  i n  a m o u n t .  The 
a p e x  o f  t h e  l u n g  was w e l l  c o l l a p s e d ,  t h e  b a s e  r e ­
m a i n i n g  u n c o l l a p s e d .  A c t i v i t y  was s t i l l  p r e s e n t  i n  
t h e  r i g h t  b a s e .  On 2 6 .  1 2 .  26 ,  t h e  w e i g h t  was 
7 s t o n e s  3 p o u n d s ,  " s t a i n i n g "  was a b s e n t  and t h e  
p a t i e n t  was a g a i n  t a k i n g  w a l k i n g  e x e r c i s e .  C r e p i t ­
a t i o n s  were  f o u n d  a t  b o t h  b a s e s .  On 8 .  3 .  2 7 ,  she  
was d i s c h a r g e d  a s  u n im p ro v e d ,  b u t  i n s t r u c t e d  t o  r e -  
| t u r n  a t  i n t e r v a l s  f o r  r e f i l l s .  On 1 1 . 8 .  2 8 ,  r e f i l l s  
had  t o  be d i s c o n t i n u e d  b e c a u s e  t h e  l e f t  l u n g  had  
r e —e x p a n d e d .  I n  December 1929 ,  symptoms had d i s ­
a p p e a r e d  and t h e  p a t i e n t  was f i t  f o r  w ork .  S ig n s  
o f  o ld  p l e u r i s y  were  fo u n d  a t  b o t h  b a s e s ,  b u t  t h e r e
were  no s i g n s  o f  a c t i v e  d i s e a s e .
I n  t h i s  c a s e ,  r i g h t —s i d e d  b r o n c h i e c t a s i s  had
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b e e n  s u c c e s s f u l l y  t r e a t e d  by  a r t i f i c i a l  p n eu m o th o r ­
a x  a t  Brom pton  H o s p i t a l ,  The p r e s e n c e  of  a c t i v i t y  
a t  b o t h  b a s e s  made i t  i m p o s s i b l e  t o  d e c i d e  a c c u r a t e - -  
l y  t h e  s o u r c e  o f  t h e  b l o o d  i n  t h e  s p u tu m .  Sub­
s e q u e n t  e v e n t s  p r o v e d  t h a t  t h e  c h o i c e  of  t h e  l e f t  
l u n g  f o r  c o l l a p s e  was j u s t i f i e d .  I f  by  c h a n c e ,  t h e  
r i g h t  l u n g  had b e e n  c h o s e n  f o r  c o l l a p s e ,  b l o o d -  
s t a i n i n g  o f  t h e  spu tum  would  p r o b a b l y  have  c o n t i n ­
ued and p o s s i b l y  a  more s e v e r e  p u lm o n a ry  haemorrhage  
would  hav e  o c c u r r e d  f r o m  t h e  l e f t  l u n g .  I n  t h i s  
e v e n t ,  t h e  c o l l a p s e  o f  t h e  r i g h t  l u n g  would  have  
b e e n  a b a n d o n ed  and c o l l a p s e  o f  t h e  l e f t  l u n g  i n ­
s t i t u t e d .
An u n u s u a l  i n c i d e n t  o c c u r r e d  d u r i n g  a  r e f i l l  
i n  t h i s  c a s e .  A f t e r  200 c u b i c  c e n t i m e t r e s  o f  a i r  
had b e e n  i n s e r t e d  i n t o  t h e  l e f t  p l e u r a l  c a v i t y ,  t h e  
p a t i e n t  c o m p la in e d  o f  s u d d e n  p a i n  i n  t h e  l e f t  s i d e  
and  s t a t e d  t h a t  sh e  had  e x p e r i e n c e d  a  s e n s a t i o n  of  
s o m e t h i n g  s n a p p i n g  i n s i d e  t h e  c h e s t .  The a i r  
r e s e r v o i r  was c u t  o f f ,  and i t  was fo u n d  t h a t  t h e  
mean i n t r a p l e u r a l  p r e s s u r e  was lo w e r  t h a n  t h e  
i n i t i a l  mean i n t r a p l e u r a l  p r e s s u r e  had  b e e n .  The 
r e f i l l  was c o n t i n u e d  and i t  was fo u n d  n e c e s s a r y  t o
i n s e r t  more a i r  t h a n  a t  p r e v i o u s  r e f i l l s  i n  o r d e r  t o  
o b t a i n  a  mean f i n a l  p r e s s u r e  s i m i l a r  t o  p r e v i o u s  
mean f i n a l  p r e s s u r e s .  The c o n c l u s i o n  i s  t h a t  an  
a d h e s i o n  was p r e v e n t i n g  c o l l a p s e  o f  a p o r t i o n  o f
| l u n g  and had g i v e n  way d u r i n g  t h e  r e f i l l ,  and so
|
| t h e  s i z e  o f  t h e  p l e u r a l  c a v i t y  was i n c r e a s e d  and 
| t h e  i n t r a p l e u r a l  p r e s s u r e  r e d u c e d .  I t  i s  p r o b a b l e  
t h a t  t h i s  a d h e s i o n  had  b e e n  s u b j e c t e d  t o  p r o g r e s s i v e  
s t r e t c h i n g  a s  r e f i l l  a f t e r  r e f i l l  was g i v e n ,  and t h e  
b r e a k i n g  p o i n t  h a v i n g  b e e n  r e a c h e d ,  a  l i t t l e  more 
a i r  was s u f f i c i e n t  t o  s n a p  t h e  a d h e s i o n .
CASE 3 9 .  F e m a l e .  Aged 28 y e a r s  on a d m i s s i o n  
t o  H a r e f i e l d  S a n a t o r i u m  on 2 9 .  1 .  2 5 .  C l e r k .
M o th e r  had d i e d  of  p u lm o n a ry  t u b e r c u l o s i s .  The 
f i r s t  symptoms were  n o t i c e d  i n  November 1 9 2 4 ,  and 
t h e  d i s e a s e  was d i a g n o s e d  i n  J a n u a r y  1925 .  On ad­
m i s s i o n ,  t h e  g e n e r a l  c o n d i t i o n  was o n l y  f a i r ,  n i g h t  
s w e a t s  were  p r e s e n t  and cough  was t r o u b l e s o m e .  80 
j c u b i c  c e n t i m e t r e s  o f  sp u tu m  were e x p e c t o r a t e d  d a i l y ,  
t h e  e v e n i n g  t e m p e r a t u r e  was 9 9 ° F .  -  1 0 0 ° F . ,  and t h e  
p u l s e  r a t e  was 88 — 95 p e r  m i n u t e .  From t h e  a p e x  
t o  t h e  b a s e  of  th e  l e f t  l u n g  p o s t e r i o r l y  and f ro m  
t h e  a p e x  t o  t h e  f i f t h  r i b  a n t e r i o r l y  d u l l n e s s ,
medium c r e p i t a t i o n s ,  and f i n e  f r i c t i o n  s o u n d s  were  
f o u n d .  No ab n o rm a l  s i g n s  were  d i s c o v e r e d  i n  t h e  
r i g h t  l u n g .  Many t u b e r c l e  b a c i l l i  were  f o u n d  i n  t h e  
s p u tu m  on a d m i s s i o n  and a l s o  d u r i n g  t h e  f i r s t  two 
m on ths  o f  a r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t ,  t h o u g h  
i n  d i m i n i s h i n g  n u m b e r s .  T h e r e a f t e r ,  t h e  sputum 
was n e g a t i v e .  O r d i n a r y  s a n a t o r i u m  t r e a t m e n t  was 
g i v e n  f o r  f o u r  m onths  and a t  t h e  end o f  t h a t  t im e  
no  p r o g r e s s  had b e e n  made.  B l o o d - s t a i n e d  sp u tu m  was
o c c a s i o n a l l y  n o t e d .
A r t i f i c i a l  p n e u m o th o ra x  was i n d u c e d  on t h e  l e f t  
s i d e  on 2 9 .  5 .  25 .  At t h e  end  o f  t h r e e  m o n th s ,  t h e  
t e m p e r a t u r e  was n o r m a l ,  c o u g h  was much im p ro v ed  and 
t h e  amount  o f  s p u tu m  p e r  day  was s l i g h t .
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C h a r t  3 shows t h e  h i g h  f l u c t u a t i n g  t e m p e r a t u r e  
b e f o r e  i n d u c t i o n  and t h e  d e f i n i t e  f a l l  o f  t e m p e r a t u r e
i
| a f t e r  t h e  f i r s t  few  r e f i l l s .  A r i s e  o f  t e m p e r a t u r e  
on t h e  e v e n i n g  f o l l o w i n g  a r e f i l l  i s  c o n s i s t e n t l y  
n o t e d ,  and t h i s  i s  no d o u b t  due t o  a n t o i n o c u l a t i o n .  
L a t e r ,  h o w e v e r t  when good c o l l a p s e  o f  t h e  l u n g  had 
•been  o b t a i n e d ,  t h e s e  t e m p o r a r y  e l e v a t i o n s  o f  temp­
e r a t u r e  c e a s e d .  The f a c t  t h a t  w e i g h t  r a r e l y  i n ­
c r e a s e s  d u r i n g  a r t i f i c i a l  p n eu m o th o ra x  t r e a t m e n t  has  
a l r e a d y  b e e n  commented on ,  b u t  t h i s  c a s e  shows 
d e f i n i t e  i n c r e a s e  o f  w e i g h t ,  a s  shown b e l o w .
3 9 .  5 . 25 . 7 s t o n e s 8 p o u n d s . (On i n d u c t i o n )
H 00 • -J • 2 5 . 7 it* 10 N
2 3 .  8„ 2 5 . 8 » 2 1
1 2 .  9 . 2 5 . 8 n 5 It
6 . 1 0 . 25 . 8 it 8 »
1 6 .  2 . 26 . 8 K 12 II
1 5 .  9 . 27 . 8 II 1 2 II (On c e s s a t i o n )
S i g n s  o f  a c t i v e  d i s e a s e  i n  t h e  u p p e r  l o b e  of  
t h e  r i g h t  l u n g  were f o u n d  on 8 .  11 .  3 5 ,  and a  few 
r h o n c h i  w e r e . h e a r d  i n  b o t h  l u n g s .  A g r a d u a l  ex ­
p a n s i o n  o f  t h e  l e f t  l u n g  n e c e s s i t a t e d  t h e  abandon—
ment o f  p n e u m o th o ra x  on 15 .  9 .  2 7 .  The g e n e r a l  
c o n d i t i o n  was. much im p r o v e d ,  some d i s e a s e  was p r e s e n t  
i n  t h e  r i g h t  l u n g ,  h u t  no a b n o rm a l  s i g n s  w ere  d e t e c t ­
e d  on t h e  l e f t  s i d e ,  e x c e p t  t h a t  b r e a t h  so u n d s  were 
b r o n c h o - v e s i c u l a r  and some f r i c t i o n  was p r e s e n t .  The
j p a t i e n t  was now w o rk in g  a s  a c l e r k .  I n  S e p te m b e r
ii
| 1928 ,  t h e  w e i g h t  was 7 pounds  l e s s  t h a n  on c e s s a t i o n  
o f  t r e a t m e n t ,  b u t  t h e  g e n e r a l  h e a l t h  was good .  
A c t i v i t y  was s t i l l  p r e s e n t  i n  t h e  r i g h t  u p p e r  l o b e  
and  r h o n c h i  i n  b o t h  l u n g s .  About  t h i s  t i m e  t h e  
p a t i e n t  m a r r i e d ,  a g a i n s t  m e d i c a l  a d v i c e ,  b u t  h e r  new 
home c o n d i t i o n s  were  e x c e l l e n t .  She became p r e g n a n t  
and  d i e d  a few  weeks  a f t e r  c h i l d  b i r t h ,  t h e  pulmon­
a r y  d i s e a s e  h a v i n g  s p r e a d  w i t h  g r e a t  r a p i d i t y *
! T h i s  t r a g i c  c a s e  i l l u s t r a t e s  how a r t i f i c i a l
| p n e u m o th o ra x  t r e a t m e n t  r e n d e r e d  a n  ad v an ced  c a s e  of  
p u lm o n a ry  t u b e r c u l o s i s  f i t  f o r  o r d i n a r y  w ork .  While  
u n m a r r i e d ,  t h e  p a t i e n t  t o o k  good c a r e  o f  h e r s e l f  and 
was a p p a r e n t l y  h o l d i n g  h e r  own. P r e g n a n c y ,  how ever ,  
a s  i t  s o  f r e q u e n t l y  d o e s ,  l i t  up t h e  p u lm o n ary  d i s ­
e a s e ,  and t h e  good r e s u l t s  o f  many months o f  p a t i e n t  
work  w ere  l o s t .
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CASI 4 6 .  F e m a l e .  Aged 18  y e a r s  on a d m i s s i o n  
t o  H a r e f i e l d  S a n a t o r i u m  on 1 1 .  3 .  2 4 .  L a u n d ry  w o r k e r  
Her b r o t h e r  had d i e d  o f  p u lm o n a ry  t u b e r c u l o s i s .  She 
had  c o m p l a i n e d  o f  w i n t e r  co u g h  f o r  t h r e e  y e a r s .
On a d m i s s i o n ,  co u g h  and s p u tu m  w ere  p r e s e n t  and 
t h e  t e m p e r a t u r e  was n o r m a l .  The w e i g h t  was 7 s t o n e s  
9 p o u n d s .  T u b e r c l e  b a c i l l i  w ere  p r e s e n t  i n  t h e  
s p u tu m .  The c h e s t  e x p a n s i o n  was p o o r .  At t h e  l e f t  
a p e x ,  d u l l n e s s ,  h a r s h  i n s p i r a t o r y  murmer and p o s t -  
t u s s i v e  c r e p i t a t i o n s  w ere  p r e s e n t .  The r i g h t  l u n g  
was c l e a r .  R a d i o s c o p y  showed g e n e r a l  h a z i n e s s  on
f
t h e  l e f t  s i d e ,  l i g h t i n g - u p  on deep  i n s p i r a t i o n  
b e i n g  good .  Ho a b n o rm a l  shadows w ere  n o t i c e d  on 
t h e  r i g h t  s i d e ,  t h e  d i a p h r a g m a t i c  movement was good 
and t h e  p o s i t i o n  of  t h e  h e a r t  n o r m a l .  On 29 .  7 .  24 ,  
c o u g h  was t r o u b l e s o m e ,  10 c u b i c  c e n t i m e t r e s  o f  
| s p u tu m  were  e x p e c t o r a t e d  d a i l y ,  t h e  t e m p e r a t u r e  was 
| n o rm a l  and t h e  p u lm o n a ry  s i g n s  u n c h a n g e d .  I n  o t h e r  
w o r d s ,  t h e r e  had b e e n  no r e s p o n s e  t o  f o u r  and a  h a l f  
m onths  o f  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t .
A r t i f i c i a l  p n e u m o th o ra x  was in d u c e d  on t h e  
l e f t  s i d e  on 3 1 .  7 .  2 4 .  and  good c o l l a p s e  was e v e n ­
t u a l l y  o b t a i n e d ,  t h e  a v e r a g e  r e f i l l  b e i n g  600 c u b i c
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c e n t i m e t r e s  o f  a i r .  No t u b e r c l e  b a c i l l i  w ere  fo u n d  
i n  t h e  s p u tu m  on 1 .  9 .  2 4 .  and co u g h  and sp u tu m  h ad  
d i s a p p e a r e d  b y  March  1925  and h a v e  n e v e r  r e c u r r e d .  
T h i s  p a t i e n t  i s  s t i l l  h a v i n g  a r t i f i c i a l  p n e u m o th o ra x  
r e f i l l s  and no c o m p l i c a t i o n s  have  o c c u r r e d  d u r i n g  
t h i s  s p e c i a l  f o rm  o f  t r e a t m e n t .  A g a i n s t  m e d i c a l  ad­
v i c e ,  s h e  h a s  b e e n  w o r k in g  a s  a  l a u n d r e s s  f o r  t h r e e  
y e a r s  and h e r  g e n e r a l  h e a l t h  h a s  r e m a i n e d  g o o d .  The 
w e i g h t  v a r i e s  b e tw e e n  8 s t o n e s  9 pou n d s  and 9 s t o n e s .
The a b s e n c e  o f  c o m p l i c a t i o n s ,  a s  i n  t h i s  c a s e ,  
d u r i n g  more t h a n  f i v e  y e a r s  of  t r e a t m e n t ,  i s  q u i t e  
u n u s u a l .  No im provem en t  was o b t a i n e d  w i t h  o r d i n a r y  
t r e a t m e n t ,  y e t  e i g h t  months  a f t e r  i n d u c t i o n ,  symptoms 
h a d  d i s a p p e a r e d  and l a t e r ,  c o l l a p s e  t h e r a p y  e n a b l e d  
t h e  p a t i e n t  t o  u n d e r t a k e  w i t h  i m p u n i t y ,  t h e  h e a v y  
d u t i e s  of  a  l a u n d r e s s ,  w o rk in g  u n d e r  bad  c o n d i t i o n s .
CASE 6 1 .  M a le .  Aged 17 y e a r s  on a d m i s s i o n  t o  
H a r e f i e l d  S a n a t o r i u m  on 5 1 .  5 .  2 6 .  C a r p e n t e r .  
D e f i n i t e  f a m i l y  h i s t o r y  of  t u b e r c u l o s i s  was e l i c i t e d ,  
h i s  m o t h e r  and b r o t h e r  h a v i n g  s u f f e r e d  f ro m  t h e  
d i s e a s e .  The e a r l i e s t  symptoms a p p e a r e d  a b o u t  s i x  
m onths  b e f o r e  a d m i s s i o n  and h a e m o p t y s i s  o c c u r r e d  f o r  
t h e  f i r s t  t i m e  on 6 .  5 .  2 6 .
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On a d m i s s i o n ,  t h e  g e n e r a l  c o n d i t i o n  was f a i r .
The w e i g h t  was 10 s t o n e s  11 p o u n d s ,  and t h e  h e i g h t  
6 f e e t .  The s p u tu m  c o n t a i n e d  t u b e r c l e  b a c i l l i  
t h r o u g h o u t  t r e a t m e n t .  15 c u b i c  c e n t i m e t r e s  o f  spu tum  
were  e x p e c t o r a t e d  d a i l y .  The e v e n i n g  t e m p e r a t u r e  
was 9 9 ° F .  On e x a m i n a t i o n ,  no a b n o rm a l  s i g n s  were  
fo u n d  i n  t h e  r i g h t  l u n g .  D u l l n e s s  and c r e p i t a t i o n s  
w ere  p r e s e n t  on t h e  l e f t  s i d e  f r o m  t h e  a p e x  t o  t h e  
l e v e l  o f  t h e  s i x t h  r i b  a n t e r i o r l y .  I n  a d d i t i o n ,  
s i g n s  o f  c a v i t a t i o n  w ere  fo u n d  i n  t h e  l e f t  n i p p l e  
a r e a .  R a d i o g r a p h y  showed d i s e a s e  a p p a r e n t l y  a f f e c t i n g  
t h e  whole  of  t h e  l e f t  l u n g ,  and some m o t t l i n g  was 
p r e s e n t  a t  t h e  a p e x  of  t h e  r i g h t  l u n g .
On 2 9 .  8 .  2 6 .  i n  t h e  e a r l y  m o rn in g ,  280 c u b i c  
c e n t i m e t r e s  of  b l o o d  w ere  coughed u p ,  f o l l o w e d  by a 
r i s e  o f  t e m p e r a t u r e .  The r i g h t  l u n g  b e i n g  a p p a r e n t l y  
c l e a r ,  t h e  l e f t  l u n g  was r e g a r d e d  as  t h e  s o u r c e  o f  
h a e m o r r h a g e ,  e s p e c i a l l y  a s  s i g n s  o f  c a v i t a t i o n  were 
p r e s e n t .  L e f t  a r t i f i c i a l  p n eu m o th o ra x  was a t  once 
i n d u c e d ,  350  c u b i c  c e n t i m e t r e s  o f  a i r  b e i n g  i n s e r t e d .
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Chart 3 shows the r a p id  r i s e  of temperature and 
the gradual f a l l  t o  normal over a per iod  of one week. 
The red f i g u r e s  show the amount of haemorrhage on 
the days i n d i c a t e d .  The i n i t i a l  i n t r a p l e u r a l  
p re s su re s  are ind ica ted  below.
DATE. INITIAL PRESSURES. AIR FINAL PRESSURES
29. 8 . 26. 4 0 cm. 350 c . c . 0 x  4 cm.
30. 8. 26. -  12 - 2 cm. 350 c .c • •+-12 X 16 cm.
2. 9. 26. -  10 0 cm. 200 c .c . X 2 X 8 cm.
6. 9. 26. -  12 0 cm. 130 o•o.o X 8 cm.
11. 9. 26. -  12 0 cm. 200 c . c . ■+■ 2 X 8 cm.
18. 9. 26. -  18 0 cm. 150 c . c . + 2 x  10 cm.
26. 9. 26. -  10 X 3 cm. 75 o . o • O x  10 cm.
6. 10. 26. No o s c i l l a t i o n s Nil .
A d h e s i o n s  fo rm ed  r a p i d l y  and on 6.  1 0 .  2 6 ,  no 
f r e e  s p a c e  was f o u n d  b e c a u s e  t h e  l u n g  was a d h e r i n g  
t o  t h e  p a r i e t e s ,  n e c e s s i t a t i n g  abandonm ent  o f  c o l l ­
a p s e  t h e r a p y .  I t  i s  s e e n  t h a t  a t  t h e  l a s t  two r e -
i  f i l l s ,  s m a l l e r  q u a n t i t i e s  o f  a i r  p r o d u c e d  p r a c t i c a l l y
I
| t h e  same f i n a l  p r e s s u r e s ,  no d o u b t  due t o  t h e  g r a d u a l
| c o n t r a c t i o n  of  t h e  p l e u r a l  s p a c e  by  t h e  a d h e s i o n s .
|
H a e m o p ty s i s  d i d  n o t  r e c u r  s i f t e r  t h e  f i f t h  r e f i l l  
and  t h e  t e m p e r a t u r e  r e m a i n e d  no rm a l  t h r o u g h o u t  s u b ­
s e q u e n t  s a n a t o r i u m  t r e a t m e n t .  S i g n s  o f  s l i g h t  a f f ­
e c t i o n  o f  t h e  r i g h t  a p e x  w ere  f o u n d  f o u r  weeks  a f t e r  
i n d u c t i o n .  The p a t i e n t  was d i s c h a r g e d  a t  h i s  own 
r e q u e s t  on 8 .  10 .  27,  i n  p r a c t i c a l l y  t h e  same co n ­
d i t i o n  a s  he was a d m i t t e d .  No ch an g e  i n  h i s  co n ­
d i t i o n  was n o t e d  i n  S e p te m b e r  1928 n o r  i n  December 
1929 .  He was t h e n  u n f i t  f o r  w ork .  T h e re  had been  
no r e c u r r e n c e  o f  h a e m o p t y s i s  s i n c e  d i s c h a r g e .
T h i s  c a s e  i l l u s t r a t e s  t h e  v a l u e  o f  a r t i f i c i a l  
p n e u m o th o ra x  i n  t h e  t r e a t m e n t  o f  s u d d e n  h a e m o p t y s i s .
A t o t a l  o f  1600 c u b i c  c e n t i m e t r e s  of  b l o o d  were  
l o s t  i n  one w eek ,  and t h e  p u lm o n a ry  h a e m o p t y s i s ,  
w i t h o u t  c o l l a p s e  t h e r a p y ,  m ig h t  e a s i l y  have  p ro v e d  
f a t a l .  The r a p i d i t y  o f  s p r e a d  of  a d h e s i o n s  i s
i n t e r e s t i n g ,  t h o u g h  f r o m  t h e  r a p i d  r i s e  o f  i n t r a ­
p l e u r a l  p r e s s u r e  f o l l o w i n g  t h e  i n s e r t i o n  o f  a  
s m a l l  amount  o f  a i r ,  one c o n c l u d e d  t h a t  a d h e s i o n s  
w ere  p r e s e n t  b e f o r e  i n d u c t i o n .
CASE 9 5 .  M ale .  Aged 19 y e a r s  on a d m i s s i o n  t o  
H a r e f i e l d  S a n a t o r i u m  on 2 2 .  6 .  2 5 .  C l e r k .  No
f a m i l y  h i s t o r y  o f  t u b e r c u l o s i s .  The o n s e t  of  t h e  
d i s e a s e  was i n s i d i o u s .  On a d m i s s i o n  t h e  g e n e r a l  
c o n d i t i o n  was g o o d ,  co u g h  and spu tum  were  p r e s e n t  
and t h e  t e m p e r a t u r e  was n o r m a l .  The w e i g h t  was 
9 s t o n e s  8 p o u n d s .  The re  was o c c a s i o n a l  b l o o d -  
s t a i n i n g  o f  s p u tu m .  The c h e s t  e x p a n s i o n  was fo u n d  
t o  be d e f i c i e n t  on t h e  r i g h t  s i d e .  F i n e  c r e p i t a t i o n s  
were  h e a r d  a t  b o t h  a p i c e s  and a t  t h e  r i g h t  b a s e .  
T u b e r c l e  b a c i l l i  were  f o u n d  i n  t h e  s p u tu m  f o r  t h e  
f i r s t  t i m e ,  two months  a f t e r  a d m i s s i o n .
" S t a i n i n g "  of  t h e  sp u tu m  c o n t i n u e d  f o r  more 
t h a n  a  y e a r  a f t e r  a d m i s s i o n .  One h a e m o p t y s i s  occ­
u r r e d  i n  December 1925 ,  100 c u b i c  c e n t i m e t r e s  o f  
b lo o d  b e i n g  l o s t .  C a l c iu m  c h l o r i d e  s o l u t i o n ,  i n ­
j e c t e d  i n t r a m u s c u l a r l y ,  f a i l e d  t o  s t o p  t h e  " s t a i n i n g ” . 
On 3 1 .  3 .  &6. c o n s i d e r a b l e  s p r e a d  o f  d i s e a s e  i n
t h e  l e f t  l u n g  was n o t e d  t o  have o c c u r r e d ,  t h e  whole
o f  t h e  l e f t  u p p e r  l o b e  b e i n g  a f f e c t e d .  No s p r e a d  
h ad  o c c u r r e d  i n  t h e  r i g h t  l u n g .  On r a d i o s c o p y ,  
h o w e v e r ,  d e n s e  shadow s were  s e e n  i n  t h e  u p p e r  h a l f  
o f  t h e  r i g h t  l u n g  as  w e l l  a s  i n  t h e  g r e a t e r  p a r t  of  
t h e  l e f t  l u n g .  On 8 .  7 .  2 6 ,  t h e  t e m p e r a t u r e  v a r i e d  
f r o m  9 9 ° F .  t o  1 0 0 ° F .  and " s ta in in g * *  was s t i l l  
p r e s e n t .  On 3 0 .  9 .  2 6 .  a  l a r g e  h a e m o r rh a g e  occ ­
u r r e d ,  800  c u b i c  c e n t i m e t r e s  o f  b lo o d  b e i n g  l o s t .  
S i n c e  d i s e a s e  was more w i d e s p r e a d  i n  t h e  l e f t  l u n g ,  
i n d u c t i o n  on t h e  l e f t  s i d e  was p e r f o r m e d ,  700 c u b i c  
c e n t i m e t r e s  o f  a i r  b e i n g  i n s e r t e d .  R e f i l l s  were 
g i v e n  e v e r y  d a y  f o r  t h r e e  d a y s ,  and a  f u r t h e r  1700 
c u b i c  c e n t i m e t r e s  o f  b lo o d  were coughed  up d u r i n g  
t h a t  p e r i o d .  T h e r e a f t e r ,  s e v e r e  h a e m o r rh a g e  c e a s e d  
b u t  " s t a i n i n g "  of  t h e  sp u tu m  c o n t i n u e d  f o r  t h r e e  
w e ek s .  M eanw hile ,  t h e  t e m p e r a t u r e  had  f a l l e n  t o  
n o r m a l .  Good c o l l a p s e  o f  t h e  l e f t  l u n g  had b e e n  
o b t a i n e d  and r e f i l l s  w ere  c o n t i n u e d .  On 1 .  12 .  2 6 .  
t h e r e  was a  r e c u r r e n c e  o f  " s t a i n i n g " ,  t h e  t e m p e r ­
a t u r e  r o s e  and o s c i l l a t e d  b e tw e e n  1 0 0 . 6°F* and 103°F 
and t h e  p a t i e n t  d i e d  on 2 6 .  2 .  27 .  o f  b r o n c h o ­
pneum on ia  s e c o n d a r y  t o  p u lm o n a ry  t u b e r c u l o s i s .
T h i s  was a  c a s e  i n  w h ich  t h e  most  p e r s i s t e n t
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symptom was b l o o d - s t a i n i n g  o f  t h e  sp u tu m .  T r e a t m e n t  
o t h e r  t h a n  a r t i f i c i a l  p n e u m o th o ra x  was g i v e n ,  b u t  
f a i l e d  t o  s t o p  t h e  " s t a i n i n g " ,  and t h e  d i s e a s e  ad ­
v a n c e d *  When a  s e v e r e  h a e m o r rh a g e  o c c u r r e d ,  c o l l a p s e  
t h e r a p y  was  t r i e d  w i t h  some s u c c e s s  a t  f i r s t ,  b u t  th€> 
o n s e t  o f  b ro n c h o p n e u m o n ia ,  p r o b a b l y  due t o  a s p i r ­
a t i o n  o f  b l o o d  i n t o  t h e  b r o n c h i o l e s ,  c a u s e d  t h e  
d e a t h  o f  t h e  p a t i e n t .
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SUMMARY AND CONCLUSIONS.
1* A r t i f i c i a l  p n e u m o th o ra x  t r e a t m e n t  i s  o f  d e f i n i t e  
v a l u e  i n  c a s e s  i n  w h ic h  o r d i n a r y  s a n a t o r i u m  
t r e a t m e n t  h a s  f a i l e d .  V ery  a d v a n c e d  c a s e s ,  on 
t h e  w h o le ,  do n o t  do  w e l l ,  b u t  t h e  a v e r a g e  r e ­
s u l t s  i n  i n t e r m e d i a t e  c a s e s  a r e  good ,  e s p e c i a l l y  
when c o m p le t e  c o l l a p s e  i s  o b t a i n e d .  The m o r t a l ­
i t y  i s  v e r y  h e a v y ,  b u t  i s  s l i g h t l y  l e s s  t h a n  
t h a t  a f t e r  o r d i n a r y  s a n a t o r i u m  t r e a t m e n t *
2 .  P u lm o n a ry  c o l l a p s e  i s  a n  e x c e l l e n t  m e a s u re  when 
g r a v e  p u lm o n a ry  h a e m o r rh a g e  h as  o c c u r r e d .
3 .  The d a n g e r s  o f  a r t i f i c i a l  p n e u m o th o ra x  o p e r a t i o n s  
c a n  b e  r e d u c e d  t o  a  minimum b y  c a r e  on t h e  p a r t  
o f  t h e  o p e r a t o r ,  t h e  u s e  o f  a  s m a l l - b o r e  Saugman 
n e e d l e  f o r  a l l  o p e r a t i o n s  and t h e  l i b e r a l  i n j e c t ­
i o n  of  a  n o n - t o x i c  l o c a l  a n a e s t h e t i c  s u c h  a s  a 
s o l u t i o n  of  b en zam in e  h y d r o c h l o r i d e  a s s o c i a t e d  
w i t h  a d r e n a l i n  c h l o r i d e *
4 .  I n  t h e  t r e a t m e n t  of  p u lm o n a ry  t u b e r c u l o s i s  by  
a r t i f i c i a l  p n e u m o th o ra x ,  l a r y n g e a l  t u b e r c u l o s i s ,  
i f  p r e s e n t ,  i s  c u r e d  or  much im p ro v ed  i n  c a s e s
i n  w h ic h  good p u lm o n a ry  c o l l a p s e  i s  o b t a i n e d .
5 .  Good r e s u l t s  i n  a r t i f i c i a l  p n e u m o th o ra x  t r e a t ­
ment  a r e  o b t a i n e d  i n  i n v e r s e  r a t i o  t o  t h e  
number  and e x t e n t  o f  a d h e s i o n s  i n  t h e  s i d e  
t r e a t e d .  More t h a n  h a l f  of  t h e  c a s e s  i n  which  
good c o l l a p s e  w i t h o u t  a d h e s i o n s  was o b t a i n e d  
a r e  now f i t  f o r  w o rk ,  b u t  l e s s  t h a n  a  s i x t h  of 
t h e  o t h e r  c a s e s  o f  a r t i f i c i a l  p n eu m o th o ra x  a r e  
a b l e  t o  f o l l o w  an y  o c c u p a t i o n .
6 .  O t h e r  f a c t o r s  b e i n g  e q u a l ,  t h e  p e r c e n t a g e  o f  
c a s e s  i n  w h ich  a s  a  r e s u l t  o f  c o l l a p s e  t h e r a p y ,  
t h e  sp u tu m  i s  a b s e n t  o r  non—i n f e c t i o u s  i s  g r e a t  
e r  t h a n  t h a t  o f  c a s e s  i n  w h ich  s a n a t o r i u m  t r e a t  
ment  a l o n e  h as  b e e n  g i v e n .
7 .  I n  c a s e s  i n  which  d i s e a s e  was b i l a t e r a l  b e f o r e  
i n d u c t i o n  and i n  c a s e s  i n  w h ich  p l e u r a l  e f f ­
u s i o n  o c c u r r e d  d u r i n g  t r e a t m e n t ,  t h e  r e s u l t s
o f  c o l l a p s e  t h e r a p y  a r e  much b e lo w  t h e  a v e r a g e .
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a p p e n d i x  a .
The M i n i s t r y  of  H e a l t h  ( 2 4 )  h a s  s u g g e s t e d  t h a t  
p a t i e n t s  s u f f e r i n g  f r o m  t u b e r c u l o s i s  s h o u l d  be 
c l a s s i f i e d  i n  a c c o r d a n c e  w i t h  t h e  f o l l o w i n g  scheme.  
A l l  c a s e s  a t  H a r e f i e l d ,  i n c l u d i n g  t h o s e  t r e a t e d  by 
a r t i f i c i a l  p n e u m o th o ra x ,  a r e  c l a s s i f i e d  a c c o r d i n g
t o  t h i s  s y s t e m .
C l a s s i f i c a t i o n .  -  P a t i e n t s  d i a g n o s e d  a s  s u f f e r ­
i n g  f ro m  P u lm o n a ry  T u b e r c u l o s i s  a r e  p l a c e d  i n  th e  
f o l l o w i n g  c a t e g o r i e s
C l a s s  T .  B. minus  (G roup  A), v i z . ,  c a s e s  i n  
w h ic h  t u b e r c l e  b a c i l l i  hav e  n e v e r  b e e n  d e m o n s t r a t e d  
i n  t h e  sp u tu m ;  and|
C l a s s  T.  B. p l u s  (G roup  B ) ,  v i z . ,  c a s e s  i n
I
| w h ic h  t u b e r c l e  b a c i l l i  have  a t  any  t im e  b e e n  f o u n d .
I t  s h o u l d  be n o t e d  t h a t  a  p a t i e n t  o r i g i n a l l y  i n  
C l a s s  T .B .  minus  m ust  be  t r a n s f e r r e d  t o  C l a s s  T .B .  
p l u s  a t  an y  s t a g e  i n  t h e  c o u r s e  of  t r e a t m e n t  i f  and 
when t u b e r c l e  b a c i l l i  a r e  f o u n d ;  w h i l e ,  on t h e  o t h e r  
h an d ,  a p a t i e n t  who i s  once p l a c e d  i n  C l a s s  T .B .  p l u s  
c a n  n e v e r  r e v e r t  t o  C l a s s  T .B .  m in u s .  C l a s s  T . B . p l u s
i
is further subdivided into three groups as follows:- 
Group 1 (Group B 1.) Cases with slight con-
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s t i t u t i o n a l  d i s t u r b a n c e ,  i f  a n y ,  e . g .  t h e r e  s h o u ld  
n o t  be  marked a c c e l e r a t i o n  o f  p u l s e  n o r  e l e v a t i o n  
o f  t e m p e r a t u r e  e x c e p t  o f  v e r y  t r a n s i e n t  d u r a t i o n ;  
g a s t r o - i n t e s t i n a l  d i s t u r b a n c e  or  e m a c i a t i o n ,  i f  
p r e s e n t ,  s h o u l d  n o t  be  e x c e s s i v e .
The o b v io u s  p h y s i c a l  s i g n s  s h o u l d  be of  v e r y  
l i m i t e d  e x t e n t  a s  f o l l o w s : -  E i t h e r  p r e s e n t  i n  one 
l o b e  o n l y  and i n  t h e  c a s e  of  an  a p i c a l  l e s i o n  of  
one u p p e r  l o b e  n o t  e x t e n d i n g  be low  t h e  seco n d  r i b  
i n  f r o n t  o r  n o t  e x c e e d i n g  an  e q u i v a l e n t  a r e a  i n  any 
one l o b e ;  o r  where  t h e s e  p h y s i c a l  s i g n s  a r e  p r e s e n t  
i n  more t h a n  one l o b e  t h e y  s h o u l d  be l i m i t e d  t o  t h e  
a p i c e s  o f  t h e  u p p e r  l o b e s  and s h o u l d  n o t  e x t e n d  b e ­
low t h e  c l a v i c l e  and t h e  s p i n e  o f  t h e  s c a p u l a .
| No c o m p l i c a t i o n  ( t u b e r c u l o u s  o r  o t h e r )  of
I
| p r o g n o s t i c  g r a v i t y  s h o u l d  be p r e s e n t .  A s m a l l  a r e a  
o f  d r y  p l e u r i s y  d o es  n o t  e x c l u d e  a  c a s e  fhom t h i s  
g r o u p .
Group 3 (Group  B 3 ) .  C ase s  w i t h  p r o fo u n d  
s y s t e m i c  d i s t u r b a n c e  o r  c o n s t i t u t i o n a l  d e t e r i o r a t i o n  
w i t h  marked im p a i rm e n t  of  f u n c t i o n , c i t Ao l o c a l  or  
g e n e r a l ,  and w i t h  l i t t l e  or  no p r o s p e c t  of  r e c o v e r y .
A l l  c a s e s  w i t h  g r a v e  c o m p l i c a t i o n s ,  w h e th e r  
t u b e r c u l o u s  or  n o t ,  a r e  c l a s s i f i e d  i n  t h i s  g roup ,  
e . g . ,  d i a b e t e s ,  t u b e r c u l o s i s  of  l a r y n x  or  i n t e s t i n e ,  
e t c .
G roup2(G roup  B 2 ) . A l l  c a s e s  w h ich  c a n n o t  
be p l a c e d  i n  G roups  1 and 5 .
Q u i e s c e n t .  C a s e s  w h ich  have  no symptoms of  
t u b e r c u l o s i s  and no s i g n s  o f  t u b e r c u l o u s  d i s e a s e  
e x c e p t  s u c h  a s  a r e  c o m p a t i b l e  w i t h  a  c o m p l e t e l y  
h e a l e d  l e s i o n ,  and i n  which  s p u tu m ,  i f  p r e s e n t ,  
i s  f r e e  f ro m  t u b e r c l e  b a c i l l i .
A r r e s t e d .  I n  p u lm o n a ry  c a s e s  t h e  t e r m  
’• a r r e s t e d ' *  i s  a p p l i e d  o n l y  t o  c a s e s  w h ich  have  b e e n  
" q u i e s c e n t ” f o r  a p e r i o d  of  a t  l e a s t  two y e a r s .
I n  n o n - p u lm o n a r y  c a s e s  t h e  t e r m  " a r r e s t e d "  
i s  u s e d  a s  s o o n  a s  t h e r e  i s  r e a s o n  t o  b e l i e v e  t h a t  
t h e  d i s e a s e  i s  u n l i k e l y  t o  r e c u r .
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A F P E N D I X  B.
Nummary o f  A r t i f i c i a l  P n e u m o th o ra x  C a s e s  a t  
H a r e f i e l d  S a n a t o r i u m .
Key t o  Summary.
COLUMN.
1 .  Case  Number.
1 1 .  S e x .  M :-  M ale .  F : -  F e m a l e .
1 1 1 .  Age i n  y e a r s .
IV .  Type o f  O nse t  o f  D i s e a s e .
I : -  I n s i d i o u s  O n s e t .
P : -  O n se t  w i t h  P l e u r i s y  w i t h  e f f u s i o n .  
H:— O nse t  w i t h  marked H a e m o p ty s i s .
V. D u r a t i o n  ( i n  y e a r s )  of  d i s e a s e  b e f o r e  i n ­
d u c t i o n .
V I .  C l a s s i f i c a t i o n  on I n d u c t i o n  ( M i n i s t r y  of  
H e a l t h  1 9 2 5 ) .
V l l .  R e a so n  f o r  I n d u c t i o n .
N .R . L i t t l e  or  no r e s p o n s e  t o  o r d i n a r y  
S a n a t o r i u m  t r e a t m e n t .
N.R.H.  Same a s  N.R. b u t  some H aem op tys is  
a l s o  p r e s e n t .
H. S e v e r e  H a e m o p ty s i s .
P .B .  P r o g n o s i s  bad  w i t h o u t  A .P .  t r e a t ­
m e n t .
F .B .H .  Same a s  P .B .  b u t  some H aem o p ty s is  
a l s o  p r e s e n t .
V l l l .  S i d e  T r e a t e d .  L : -  L e f t .  R : -  R i g h t .
IX .  C o n d i t i o n  o f  U n t r e a t e d  Lung.
P .  D i s e a s e  P r e s e n t .
A. D i s e a s e  A b s e n t .
XL.
XL1.
X l l l .
XIV.
XV.
XVI.
XVII.
XV111.
XLX.
S u c c e s s  of  A. P .  T r e a t m e n t .
S .C .  Good C o l l a p s e .  No A d h e s i o n s .
A .S .C .  Good C o l l a p s e .  Few A d h e s io n s .
S . P .  U s e f u l  P a r t i a l  C o l l a p s e .
A d h es i  o n s .
U, U s e l e s s  C o l l a p s e .  A d h e s io n s .  
F .  N o  C o l l a p s e .  A d h e s i o n s .
Number o f  A. P .  P u n c t u r e s .
A ve rage  volume o f  a i r  i n t r o d u c e d  a t  e a c h
r e f i l l  i n  c u b i c  c e n t i m e t r e s .
D ev e lopm en t  o f  P l e u r a l  E f f u s i o n s ,
P .  F l u i d  P r e s e n t .
A. F l u i d  A b s e n t .
S p r e a d  o f  d i s e a s e  d u r i n g  A. P .  t r e a t m e n t ,
P .  S p r e a d  P r e s e n t .
A. S p r e a d  A b s e n t .
C l a s s i f i c a t i o n  on C e s s a t i o n  o f  A. P .
C o n d i t i o n  on c e s s a t i o n  o f  A. P .  r e l a t i v e  t o
c o n d i t i o n  on I n d u c t i o n .
A. A r r e s t e d .  Q. Q u i e s c e n t .
M . I .  Much I m p ro v e d .
S .  S t a t i o n a r y .  W. W orse .
D. D ead .
P e r i o d  ( . in  y e a r s )  e l a p s i n g  b e tw e e n  c e s s a t i o n  
o f  A. P .  t r e a t m e n t  and o b s e r v a t i o n  i n  
S e p te m b e r  1 9 2 8 .
C l a s s i f i c a t i o n  a c c o r d i n g  t o  o b s e r v a t i o n  i n  
S e p te m b e r  1 928 .
C o n d i t i o n  a c c o r d i n g  t o  o b s e r v a t i o n  i n  
S ep te m b e r  1928 r e l a t i v e  t o  c o n d i t i o n  on 
I n d u c t i  on.
S .U .T .  S t i l l  u n d e r  t r e a t m e n t .  
L . S .O .  L o s t  s i g h t  o f .
O th e r  c o n t r a c t i o n s  a s  i n  co lum n XVI.
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X X .
XXI.
X X II .
C l a s s i f i c a t i o n  a c c o r d i n g  t o  o b s e r v a t i o n  i n  
December 1 9 2 9 .
C .o r \o ( ; t  J o  n  . a c c o r d i n g  t o  o b s e r v a t i o n  i n  
December 1929 r e l a t i v e  t o  c o n d i t i o n  on 
I n d u c t i o n .
F i t n e s s  f o r  work  i n  December 1 9 2 9 .
F .  F i t  f o r  Work.
II.  U n f i t  f o r  Work.
N o t e .  A. P .  A r t i f i c i a l  P n e u m o th o ra x
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